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Method for Treatment of Hypoovarianism 



This invention relates to a therapeutic means for 



treatment of hypoovarianism. 

More particularly, this Invention relates to a medicament 
containing a compound of the general formula 

5 



.[wherein R is a hydrogen atom or a lower alkyl group] 

for treatment of hypoovarianism. Hypoovarianism such as 
climacteric disturbSLnces^ infertility, etc. is caused by 
a decreased secretion of estrogen [hereinafter referred to 
15^ ^ as E3. due to hypofunction of the ovary* 

Climacteric distuxhances are the syndrome which 
develop in females in climacterium (approximately at 
the ages of 4^ to 60) as a decreased secretion of E 
results in changes in various metabolisms of the hody 
20 which, in turn, affect the diencephalon which is the 

autonomic nerve center^ Manifestations of climacteric 
disturbances are diverse and dLnclude angioneurotic 
disorder-like symptoms such as heat sensation, feeling of 
cold, hot flash, palpitation, etc., psychoneurotic 
25 disorder-like symptoms such as headache, dizziness, . 
insomnia, etc.; perception disorder symptoms such as 
numbness, hyperesthesia, hypesthesia, etc.; 
locomotorial disorder symptoms such as lumbago, 
shoulder' stiffness, arthralgia, etc.; cutaneous 
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page -2- 



- 2 - 



0129667 ' 



secretory dislnirlDaiice symptoms sucb as perspiration, 
dry mouth, etc.; o"besity, emaciation, climacteric 
dial>etes, senile vaginitis, pruritus cutaneus, fatigue, 
arteriosclerosis, cardiac disorder and so on. Por the 
treatment of these manifestations of climacteric 
disturbance, therapies using a synthetic E drug or an 
androgen drug or both of them so as to correct for 
the decrease in secretion of endogenous ovarian hormone 
proved successful and were xised as therapies of choice 
against climacteric disturbances. In recent years, 
however, these therapies have not been used as often as 
in the past because they present the risk of 
metrorrhagia axid, carcinogenicity. As other therapies, 
minor tranquilizers, antidepressants, autonomic 
blocking agents, peripheral circulation improving 
agents, Chinese medicines, etc. have been administered 
but their efficacies are not satisfactory as are 
desired. 

Infertility, which is said to be present in 5 to 
10 percent of all the females of fertile ages 
(approximately up to the early forties), is caused by 
various causes and includes such cases due to insufficient 
E secretion as ovarian aplasia, ovulation disorder, uterine 
aplasia, nidation disorder, early abortion, etc. 
Against these types of infertility, synthetic E 
drugs and progesterones have been mainly employed. 
However, these drugs have the disadvantage that 
responses vary a great deal accoirfLing to individualis . 

The present inventors found that the compound of 
general formula (I) 

KO 0 
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[hereinafter there may be occasionally referred to as the Compound 
(1) and wherein R Is a hydrogen atom or a lower alkyl group] 
does not independently have E activity but does potentiate 
B' activity and demonstrated that the compound potentiates 
5 £ activity of ovarian origin, which has been depressed in 
patients with climacteric disturbances or infertility, 
thus heing useful for the treatment of these diseases. 

Thus, the principal object of this invention is to 
provide a method for treatment of hypoovarianlsm through 
10 the meohanims of potentating the activity of E produced 

endogenously in the human ovary or administered exogenously, 
which comprises administering to the female the compound of 
general formula (I). Another object of this invention is to 
provide a pharmaceutical composition comprising the compound 
15 of general formula (I), which is usable in the above- 
mentioned method. 

Referring, now, to the above general formula (I), 
the lower alkyl group R may be a straight-chain group 
or a branch ed-chain group, and may for ex^ple be 
20 methyl, ethyl, propyl, hutyl or pentyl. The compound 
of general formula (I) can be produced, for example by 
cyclizing a 2-hydroxy-4-RO-substituted phenyl henzyl 
ketone in the conventional manner and the compotmd (I) 
wherein R is a lower alkyl group can also he produced 
25 by alkylating a 7-hydroxy-isoflavone. 

The compound of general formula (I) which is 
employed in accordance with this invention is 
invariably a white to pale yellowish brown crystalline 
compo\ind which is freely soluble in dimethylf oimamide 
30 and chloroform, soluble in ethanol and acetone, and 
practically insoluble in water. 
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As will be apparent from acute toxicity text 
sbcwn hereinaTter, the compou&d or general rormtila (I) 
did not cause death nor toxic ssrmptoms attributable thereto 
when its technically feasible maxomum dose (5,000 to 
10 000 mg/kg) was administered orally or subcutaneously 
to mice and rats. Thus, the compotand of general 
foim\aa (1) is only sparingly toxic ^ 

Methods for the preparation of compound (i) are described 
in the prior aarfc and some species of compound (I) and related 
isoflavones are known to be useful as agents for 
increasing capillary strength (Prench Pharmaceutical Patent 
Ho. 1065), therapeutic drugs for vascular disorder, 
inflammation and P-hypovitaminosis conditioris (United 
States Patent No. 335275**), body weight increasing agents 
(United States Patent Nos. 386A362, 4166862 and i»1171*9)> 
agents for increasing muscle pov/er, .anticatabolic agents and 
antasthenics (United States Patent No. 3864362), therapeutic 
dxnxgs for osteoporosis of immobilisation (United States 
Patent No. 3907830), and therapeutic drugs for myocardial 
or pulmonary Insufficiency (Japanese Toku-Kai-Sho 53-133635), 
etc. However, nothing is known about the use of the 
compound as a therapeutic drug for hypoovarianism. 

The dosage of the compound of general formula (I) 
according to this invention for humans is generally about 
5 to 10 mg/kg/day for. oral administration, and about 200 to 
600 mg can be orally taken daily, once a day or. If necessary, 
in 2 to 3 divided doses. The compound (I) is preferably 
formulated into such dosage forms as tablets, capsules, etc. 
by the established pharmaceutical procedure. Such tablets 
and capsules can be prepared using suitable vehicle such* as 
lactose, starch, etc., binders such as hydroxypropylcellulose, 
and lubricants such as magnesium stearate. The tablets may 
be sugar-coated, if necessary. 
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The following experimental examples show "tbe 
activity of the compotind of general formula (I) to 
potentiate E activity. In these examples, the species of 
the compound of general formula (I) used were 7-hydroxy- 
isoflavone [hereinafter referred to as Compound A] and 
7-isopropyloxy-isoflavone [briefly. Compound B]. 

Test Example 1 
E activitv-'potentiating effect of 7-hydroxy-iaof lavone 
ynnng pophorectomized rats 

Spraque-Dawley rats, 35 days of age and 11 days 
after oophorectomy for elimination of endogenous E 
activity, were assigned to groups of 5 -to 7 individuals 
and treated subcutaneously with solutions of esterone 
in sesame oil or orally with suspensions of Compound 
A in 1% hydroxypropylcellulose solution, either 
independently or in coml)! nation, for 3 days. On the 
4th day, each animal was autopsied and its uterine wet 
weight was recorded. As shown in Table 1, Compound A 
at 50 ariri 100 mg/kg did not cause an increase of 
uterine weight but potentiated the uterine weight 
increasing action of estrone. 



Table 1 



Daily dose of 
estrone 
(jig/kg) 


Daily dose of 
Compound A 
Ong/kg) 


No. of 


Uterine wet 

weight 

(mg+S.D.) 


0 


0 


5 


57.4 ± 0.6 


0 


50 


7 


55.3 ± 1.7 


0 • 


100 


7 


35.9 ± 1.0 


1.0 


0 


6 


52.6 ± 2.3 


1.0 


50 


6 


60.8 ± 4.1 


1.0 


100 


6 


70.6 ± 2.7* 
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Significant as compared with estrone 1.0 ixg/kg 
group (P<0.01), 

Test Example 2 
:e activity-potentiating eff ect of 7-iBOT:>ropyloxy- 
isoflavone in yoiing oopborectomized rats 

Spraque-Dawley rats, 33 days of age and 11 days 
after oophorectomy for elimination of endogenous B 
activity^ were assigned to groups of 5 to 7 individuals 
and treated subcutaneously with solutions of esterone 
in sesame oil or orally with suspensions of Compound B 
in 1% hydroxypropylcellulose solution, either 
independently or in combination, for 3 days. On the 
4th day, each animal was autopsied and its uterine wet 
weight was recorded. As shown in Table 2, Compound B 
at 50 and 200 mg/kg did not cause an increase of 
uterine weight but potentiated the uterine weight 
increasing action of estrone. 



Table 2 



Daily dose 
of isstrone 


Daily dose of 
Compound B 
(mg/tes) 


No. of 
animals 


Uterine wet weiglxt 
(mg ± S.D-.) 


0 


0 


7 


29.2 ± 0.9 


0 


50 


7 


32.2 ± 1.3 


0 


200 


7 


54.7 ± 1.2 


0.5 


0 


7 


56.5 ± 1.9 


0.5 


50 


7 


59.6 ± 2.4 


0.5 


200 


7 


51.3 ± 5.3* 


1.0 


0 


7 


51.9 ± 4.2 


1.0 


50 


7 


58.2 ± 2.6 


1.0 


200 


7 


71.5 ± 7.4+ 



Significant as compared with estrone 0.5 l^s/feB 
group (P< 0,05), 
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+ : Significant as compared with estrone 1.0 (xg/lcg 
group CP < 0^05) 

Acute toxicity 

Pive-week-old ICR mice and 5-^'^eek-old 
Spraque-Dawley rats were used in groups of 10 males and 
10 females, and suspensions of compound a or 
B in olive oil were administered orally [2,500, 
3,000 and 10,000 mg/kg of each compound] or 
subcutaneously (1,250, 2,500 and 5,000 mg/kg). The 
animals were kept under observation for 14 days. None 
of the groups showed deaths nor toxic symptoms which 
might be attributable to compound A or B, with the 
result that I«Djq could not be calctilated. 

The following preparation samples are given to 
illustrate the invention in further detail only and not 
^ to limit the scope of the inven1;ion thereto. 

Preparation Example 



1. Tablets 

I) 7-Isopropyloxy-isoflavone 200 g 

II) Lactose 15 g 

III) Starch 44 g 

IV) ECG-500 10 g 

V) Hagnesium steara1;e ' 1 g 



The above components l) through T) were admixed to 
prepare 1000 uncoated tablets with a diameter of 8.5 
mm^ 



2. Capsules 



I) 


7-Hydroxy-i sof lavone 


200 g 


n) 


Lactose 


40 g 


III) 


Starch 


50 g 


IV) 


l^jrdroxypropylcellulose 


7 g 


V) 


Magnesixim stearate 






Tbe above components I) through V) were 



and filled into 1000 No. 1 capsules 
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What Is claimed is: 

1. A compound of the general formula 




[wherein R is a hydrogen atom or a lower alkyl group] 
for use in treatment of hypoovarianism* 

2. A pharmaceutical composition for treatment of hypo- 
ovarianism, which contains an effective amount of a compound 
of the general formula 




[wherein H is a hydrogen atom or a lower alkyl group] 

and a pharmaceutical acceptable carrier, vehicle, lubricant 

or diluent therefor. 

3* A phaoTmaceutioal composition according to claim 2, 

which is in the form of tablet^ capsule^ granule » fine granule, 

powder or syrup. 

4. A pharmaceutical composition according to claim 2, 
wherein the hypoovarianism is climacteric disturbances or 
infertility. 
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Method for treatment of osteoporosis 
This invention relates to a therapeutic means for 
treatment of osteoporosis. 

More particularly, this invention relates to a medicament 
for prevention or treatment of osteoporosis, which contains 
a compound of the formula 

O 



HO 




wherein R is a hydrogen atom or a hydroxy group. 

Osteoporosis is a disease condition or illness which 
occurs frequently In postmenopausal females, particularly 
those in their sixties, and wherein the quantitative loss 
of bones progresses beyond a certain limit to thereby present 
some syiqptoms or risk manifestations. Among its main clinical 
manifestations are kyphosis, low back pain, and fractures 

20 of femoral neck, lower end of the radius, ribs, upper end 

of the humerus, etc. While the causative factors are variegated, 
including endocrine disorder and nutritional disorder, apparently 
the most important cause is a descreased secretion of estrogen 
due to hypoovarianism in females during the postmenopausal 

25 period. Therefore, of all the therapeutic agents for osteoporosis, 
the theoretically most effective drugs are estrogen preparations. 



page -2- 



0135172 

- 2 - 

However, the estrogens so far available are so strong in 
effect as to cause side effects such as genital bleeding, 
mastodynia, hepatic dlsorderr etc. and, for this reason, 
have not been used recently on as many occasions as in the 
5 past. There are other types of therapeutic agents such 
as calcitonin, vitamin D and calcium preparations, which 
however are disadvantageous in that they are either only 
indefinitely effective or ineffective when administered 
by the oral route* 
10 The present inventors have found that the compound 

of the formula (I) exhibits a milder estrogen activity than 
the conventional estrogens in the oral regimen and does 
not cause side effects which are produced by these known 
drugs but cures osteoporosis by stimulating secretion of 
15 calcitonin from the thyroid. 

The ccmpounds of the formula (I) which sure employed 
in accordance with the present invention are invariably 
crystalline compounds which are white to pale yellowish 
brown in color, and are freely soluble in dime thy Iforinamide 
20 and chloroform, soluble in ethanol and acetone and practically 
insoluble in water. When R in the formula (I) is a hydroxy 
group, it may be present in any position of the phenyl ring* 

These compounds can be produced, for example, by cyclizing 
a 2,4-dihydroxy-phenyl (with or without a hydroxy group 
25 on the benzene ring) benzyl ketone to a benzopyran coxopound, 
and some of these compounds are known to have capillary 
vessel stabilizing activity (French Pharmaceutical Patent 
No. 1065), therapeutic effective for vascular disorders, 
inflammatory and vitamin-P deficiency disorders (United 
30 States Patent Ko. 3,352,754) or anticonvulsant activity 
(Japanese Patent Publication Ko. 32074/1972), but it has 
not been known that any of the cc»iipounds is useful for the 
treatment of osteoporosis. 

As will be apparent from Test Example 5 which appears 
35 hereinafter, all of the compounds of the formula (I) are 
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sparingly toxic. Thus, in the studies in which the compounds 
were administered orally or subcutaneously to mice or rats 
at the technically feasible highest doses (5,000 to 10,000 
mg/kg) , there occurred no death nor toxic symptoms attributable 
to the compounds. 

On the other hand. Test Examples 1 and 2 presented 
hereinafter show that 7-hydroxy-isoflavohe [hereinafter 
referred to briefly as compound (I) J and 7,4'-dihydroxy- 
isoflavone fbriefly, compound (ll)), which are representative 
species of the compound represented by the formula (I), 
have mild estrogenic activity which is suited for the treatment 
of osteoporosis. 

Test Example 1 

,5 ?^^^°g^nic activity of 7-hvdroxv-lsofl.von. t n voano o«nH».o,,.»^.,^. 

Sprague-Dawley rats, 33 days old and 11 days after 
oophorectomy for elimination of endogenous estrogenic activity, 
were used in groups of 6 to 7 animals. Compound (I) was 
suspended in a 1% aqueous solution of hydroxypropylcellulose 
and administered orally for 3 days, while as a representative 
example of the conventional estrogen drug, estrone was dissolved 
in sesame oil and administered subcutaneously for 3 days. 
On the fourth day, each animal was autopsied and its uterine 
wet weight was recorded. As shown in Table 1, compound 
(I) at the daily dose levels of 200 mg/kg and 400 mg/kg 
produced uterine weight increasing effect with a dose-response 
curve of moderate gradient. In contrast, estrone showed 
uterine weight increasing effect with a dose-response curve 
of steep gradient. 



20 



25 



10 



iS 
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Table 1 



Compound 



15 



Daily dose No, o£ Uterine wet weight 
(mg/kg) animals (mg ± S.D.) 





0 


7 


35.0 


+ 


1.0 




(control group) 












6.25 


7 


32.8 


+ 


1.1 




12.5 


7 


33.4 


+ 


0.9 


Compoand (I) 


25 . 


7 


35.1 


+ 


0.8 




50 


7 


35.3 


+ 


1.7 




100 


7 


35.9 


+ 


1.0 




- 200 


7 


57.9 




1.0* 




400 


6 


70.4 


+ 


6.7* 




0.0025 


7 


101.7 


+ 


4.6* 


Estrone 


0.005 


7 


159.8 


+ 


9.4* 




0.01 


7 


223.3 


+ 


12.5* 



20 



Significant as compared with control group (P<0«01) 



Test Example 2 

Estrogenic activity of 7,4'-dihydroxy-isoflavone in young 

25 oophorectoroized rats 

Sprague-Dawley rats, 33 days old and 11 days after 
oophorectomy for elimination of endogenous estrogenic activity, 
were used in groups of 7 animals* Compound (II) was suspended 
in a 1% aqueous solution of hydroxypropylcellulose and administered 

30 orally. As shown in Table 2, compound (XI) at the dose 
level of 400 lag/kg showed mild uterine weight increasing 
activity. 



35 
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Table 2 



Daily dose of No. of Uterine wet weight 

compound (Ii) animals (mg + S.D.) 

(mg/kg) 



5 



0 

(control group) 


7 


31.1 


+ 


1.1 


6«25 


7 


33.2 


+ 


0.8 


25 


7 


32,8 


+ 


1.0 


100 


7 


35.3 




1.3 


400 


7 


62.3 


+ 


6.0* 



*s significant as coiapared with control group. {P<0.01) 

The following Test Examples 3 and 4 show that the 
- compounds of this invention have bone resorptlon^inhibiting 
activity which is effective for the treatment of osteoporosis. 

Test Example 3 

Bone resorption inhibiting activity of 7-hydroxv-isof lavone 

and 7r4*'-dihvdroxv~isoflavone in rat fetal long bone culture. 

\ Determination of bone resorption was performed by 

the method of Raisz [J. Clin. Invest. 44, 103-116 (1965)]. 

Thus, a Sprague-Dawley rat on the 19th day of pregnancy 

was subcutaneously injected with 50 y Ci of ^^Ca (isotope 

of calcium r CaCl^ solution) , and was laparotomized on the 

following day. The embryos were aseptically taken out, 

the forelimbs (radius and ulna) were cut off from the trunk 

under a binocular dissecting microscope, and the connective 

tissue and cartilage were removed as much as possible to 

prepare bone samples. Each bone sample was preincubated 

at 37*»C for 24 hours in 0.6 ml of the medium containing 

2 mg/ml of bovine serum albumin in BGJ|^ medium (Fitton-Jackson 

modification) [GIBCO Laboratories, Grand Island, NY 14072 

U.S.A.]. Then, the sample was further incubated for 3 days 

in the same medium as above in which 10 yg/mi or 25 pg/ml 

of compound (I) or 10 vg/mi of compound (II) had been incorporated. 

Theur the radioactivity of ^^Ca in the medium and that of 
45 

Ca in the bone were measured and the percentage (%) of 
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^^Ca released from the bone into the medium was calculated 
by the following formula. 

Percentage {%) of *^Ca released from bone into medium 

Count of ^^Ca in medium ^ ^qq 

Count of ^^Ca in medium + Count of ^Ca in bone 

As control, the bones of the embryos from the same 
litter were similarly incubated in the absence of compound 
(I> or (II) for 3 days. The mean + standard deviation for 
10 the six bones per group are shown in Table 3. It is apparent 
that compounds (I) and (II) suppressed bone resorption. 

Table 3 



15 



20 





Concentration 
of compound 


released 






Control group 


0 


20.6 + 3.8 


19.9 


+ 5.0 


Test group 1 


Compound (I) 
10 yg/ml 


16.5 + 2.5* 






Test group 2 


Compound (I) 
25 pg/ml 


13.5 + 2.5* 






Test group 3 


Compound (II) 
10 pg/ml 




15.9 


+ 1.3** 



25 * t A significant difference from the control group (P<0.001) 
**: A significant difference from the control group (P<0.002) 

Test Exeonple 4 
Inhibiting activity of 7 >4 '-dihydroxv-iso f lavone to the 
bone resorption potentiating action of pa rathyroid hormone 
30 in rat fetal long bone culture. 

The bone samples prepared in the same manner as Test 
Example 3 were pre- incubated for 24 hours in the same medium 
as that prepared in Test Example 3 which contains bovine 
setura album in BGJ^ medium (Fitton-Jackson modification) • 
35 Then, in the concomitant presence of PTH (parathyroid hormone, 
a bone resorption stimulant) and compound (II), the samples 



page -7- 



0135172 

- 7 - 

were further incubated for 3 days and the percentage of 
4 5 

Ca released into the medium was calculated by means of 
the same formula as that in Test Example 3. The results 
are shown in Table 4. As control experiments, the same 
5 determination was made for a control group using the medium 
supplemented with PTH alone. It is apparent from Table 
4 that compound (II) suppressed PTH-stimulated bone resorption. 

Table 4 

10 Concentration ^^Ca (%) 

of compound (II) released 

Control group o 30.8+4,3 

Test group lo pg/ml 23.5+3.4* 

*: A significant difference from the control group (P<0.01) 

Test Example 5 

Acute toxicity 

Five-week-old ICR mice and 5-week-old 

20 Sprague-Dawley rats were respectively used- in groups of 
10 males and 10 females, and suspensions of compound (I) 
or compound (II) in olive oil were administered orally [2,500, 
5,000 and 10,000 mg/kg of each compound] or subcutaneously 
[1,250, 2,500 and 5,000 mg/kg]. The animals were kept under 

25 observation for 14 days. None of the groups showed deaths 
nor toxic symptoms attributable to compound (I) or (II) 
and, therefore, LD^q values could not be calculated. 

The daily dosage of the compound of the formula (I) 
according to this invention for human beings is generally 

-30 about 1 to 50 mg/kg and preferably about 5 to 20 mgAg for 
oral administration, and about 200 to 600 mg can be orally 
taken daily, once a day or, if necessary, in 2 to 3 divided 
doses. The compounds are preferably formulated into such 
dosage forms as tablets, capsules, etc. by the established 

35 pharmaceutical procedure. Such tablets and capsules can 
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be prepared using suitable excipients such as lactose, starch, 
etc., binders such as hydroxypropylcellulose, and lubricants 
such as magnesium stearate. The tablets may be sugar-coated, 
if necessary. 

5 Tbe following preparation examples are given to illustrate 

the invention in further detail and should not be construed 
as limiting the scope of the invention. 

Example 1 Tablets 
I) 7-Hydroxy-isoflavone 200 g 

10 II) Lactose ^5 g 

III) Starch 44 g 

IV) Carboxymethylcellulose 10 g 

V) Magnesium stearate 1 g 

The above components I) through V) were admixed to 
15 prepare 1000 uncoated tablets with a diameter of 8.5 mm. 

Example 2 Capsules 

I) 7,4'-Dihydroxy-isoflavone 200 g 

II) Lactose 40 g 

III) Starch 50 g 
- IV) Hydroxypropylcellulose 7 g 

V) Magnesium stearate 3 g 

The above components I) through V) were admixed ^nd' 
filled into 1000 Ho. 1 capsules. 

25 



30 



35 
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What Is claimed is: 
1. A compound of the formula 

o 




o 

HO 



Wherein R is a hydrogen atom or a hydroxy group for use 
in prevention or treatment of osteoporosis* 

2. A pharmaceutical composition for prevention or treatment 
of osteoporosis r which contains an effective amount of a 
compound of the formula 



O 




wherein R is a hydrogen atom or a hydroxy group and a pharma- 
ceutical acceptable carrier, vehicle, lubricant or diluent 
therefor. 

3. A pharmaceutical composition according to claim 2, 

which is in the form of tablet, capsule, granule, fine granule, 

powder or syrup. 

4 A pharmaceutical composition according to claim 2, 
wherein the osteoporosis is that caused by decreasing secretion 
of estrogen due to hypoovarianism. 
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Die vorliegende Erfindung betrifh ein neuartiges Mit- 
tel zur Behandlung der Haut» insbesondere zur kosmeti- 
schen oder medizinischen Anwendung. 

Zur Pflege und Behandlung der Haut warden auf dem 
Markt zahlreiche Produkte angeboten. Es handelt sich 
hierbei im wesentlichen um Lodonen, Mflche, Cremes 
und Fasten. 

Die angebotenen Reinigungslotionen, -milchc, -cre- 
mes und -pasten basieren zumeist auf OlVWasseremul- 
sionen mit relativ geringen Gehalten an Fettkomponen- 
ten mit reinigenden und pflegenden Zusatzen. Die ange- 
botene breite Palette verschiedener Hautreinigungs- 
produkte variiert in Zusammensetzung und Gehalt an 
diversen Wirkstoffen, abgestimmt auf die verschiedenen 
Hauttypen und spezielle Behandlungsziele. 

Die der Retnigung folgende Hautpflege hat zwei we- 
sentliche Ziele: Zum einen soil sie der Haut die bei der 
Wasche unkontroUiert entzogenen Inhaltsstoffe wie 
Homzellen, Hautfettlipide, S^urebildner und Wasser 
zurackfuhren in den natOrlichen Gleichgewiditszu- 
stand. Zum anderen sollen sie den natOrlichen Alte- 
rungsprozeB der Haut sowie den mdgfichen Schddigun< 
gen duich Witterungs- und Umwelteinfliisse wettge- 
hend entgegenwirken. Prdparate zur Hautpflege und 
zum Hautschutz werden in groBer Zahl und in vielen 
Zubereitungsformen angeboten. Die wichtigsten sind 
Hautcremes, -lotionen, -die und -gele. Basis der Cremes 
und Lotionen sind Emulsionen Ol in Wasser oder Was- 
ser in Ol-Form. Die Hauptbestandteile der Olbzw. Fett- 
oder lipid-Phase sind Fettalkohoie, Fetts^uren, Fett- 
s&ureesten Wachse, Vaseline, Paraffine sowie weitere 
Fett* und Olkomponenten hauptsachlich naturlicfaen 
Ursprungs. In der w^Brigen Phase sind neben Wasser 
hauptsachlich feuchtigkeitsregulierende und feuchtig- 
keitsbewahrende Substanzen als wesentiicher Hautpfle- 
ge-Wirkstoff enthalteo, femer konsistenz- bzw. viskosi- 
tatsregufimnde MitteL Wettere Zusfttze wie Konser- 
vierungsmittel, Antioxidanzien, KomplexbiIdner» Par- 
fOm^le^ rarbemittei sowie spezielle Wirkstoffe werden 
je niacfa ihrer LOslicfakeit und ihren Stabilitatseigen- 
schaften elner der beiden voigenannten liiasen beige- 
geben. 

Hautdle gehdren zu den sUtesten Produkten der 45 
Hautpflege und woden heute noch verwendet. Basis 
«od nicht trocknende Pflanzendle^ wie Mandeldl oder 
Olivendl mit Zusfltzen natOrilcher ^Htamindle wie Wei- 
zenkeimdl oder AvokadoOl sowie dligen Pflanzenex- 
trakten. z. R Johanniskraut, Kamille und Shniichen. Der 
Zusatz von AntioxidaQzien gegen Ranzigkeit ist uner- 
iSBlidL GewOnschte Duftnoten werden durch Parfum 
Oder etherisdie Ole erzielt Ein Zusatz von ParafRndl 
Oder flOssigen Fettsftureestem dient zur Optimierung 
der Anwendungseigensch^en. 

Hautgele sind halbfeste transparente Produkte, die 
durch entsprechende Geibbildner stabilisiert werden. 
Man unterscheidet Oleogele^ Hydrogele und Ol/Was- 
ser-Gele. Die Typenauswahl richtet sich nach dem ge- 
wOnschten Anwendungszweck. Die Ol/Wasser-Gele 
enthalten hohe Emulgator-Anteile und weisen gegen- 
Qber Emulsionen g wissenV rtefleauf. 

Zu den k smetischen Mitteln gehdren auch die Haar- 
behandlungsmitteL Denn die Haarpflege umfaBt di 
Reinigung von K pfhaut und Kopfhaar gleichermaBen. 
DemznfoTge enthalten die Haarpflegeprodukte haut- 
pflegend Wirkstoffe. 

Nachteilig bei den genannten kosmetischen Mitteln 



istdieBegrenzungd r Wirksamkeit. 

Di vorlieg nde Erfindung hat sich nunm hrdi Auf- 
gabe gestellt, ein Mittel zur Behandlung der Haut zur 
Verfugung zu stellen, das fOr die genannten Anwen- 
dungsgebiete einen wvksamen Wirkstoffkomplex auf- 
weist 

Diese Aufgabe wird dadurch geldst, daB das Mittel als 
Wirkstoff Isoflavon enthalt 

Bei dem erfindungsgemaBen Isoflavon handelt es sich 
um die meist zu den Flavonotden gezihlte, gelegentlich 
auch als Isoflavonoide bezeichnete Gruppe von Stoffen* 
die sich von 3-Phei^-4 H-l-bezonpyran-4-on der fol> 
^enden Strukturformel ableitem 
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Bevorzugt werden er&idungsgemaB 4 Hydroxy-7 
Gluoose-Isofiavon (Daidzin)^ 57»4'Trihydroxy-Isoflavon 
(GeoisteinX 5,4'Dihydroxy, 7 Gluoose>lsoflavon (Geni- 
stinX 7,4'Dihydroxy-Isoflavon (DaidzeinX 5,7 Dihydroxy, 
4'methoxy-lsoflavon (Biochanin AX 3',4/57-Tetrahy- 
droxyisoflavon (OroboiX 3',4'^Trihydroxy-7-methoxyi- 
soflavon (SantaQ,3'^7-Trihydroxy-4'-methoxyisofIavon 
(PratenseinX 3'^J-Trihydroxy-4',5',6-trimethoxyisona- 
von(IridinX 

Daneben kommen auch die Abk6mmlinge des Isofla- 
vons in Betracht, z. B. die in C-2 und C-3-SteUung hy- 
drierten Isoflavone. Ebenso kdnnen sSmtliche Isofla* 
vonderivate erHndungsgemslB zum Einsatz kommen. 
Ifierzu z^en vor allem Gl^oside» Ether, Ester und von 
den Isoflavonen abgeleitete Sauren. 

Die ertindungsgemafien Wirkstoffe werden vorzugs- 
weise in Konzentrationen von 0^1 bis 0,005 Gew.-% ein- 
gesetzt Hierbei kdnnen in dem Mittel zusltzlich Sterol 
enthalten seln. 

Aus der jflngsten Literatur ist die medizinische An- 
wendung von Isoflavonoiden zwar bekannt Doch han- 
delt es sich hierbei im wesentlichen um Forschungen auf 
dem Gebiet der Krebsvorsorge. Diese basierten auf der 
Erkenntnis, daB es in der Tkmiorrate bei Europ&em und 
Asiaten, insbesondere im Bereich von Prostataerioran- 
kungen und Brustkrebs signifikante Unterschiede gibt. 
Hierbei war man darauf gestofien, daB der hohe Anteil 
an Sojaprodukten in der asiatischen Emahrung eine Ur- 
sache zu sein scheint Im Rahmen der weiteren Arbeiten 
wurden sodann die Isoflavonoide als Wirkstoffe aus den 
Sojaprodukten isoliert und auf ihre krebshemmenden 
Wirkungen hin untersucht 

Em Hinweis auf die erfindungsgemlB Qberraschend 
breiten Anwendungsbereiche findet sich jedoch in die- 
sen Forschungsarbeiten nicht Ebenso war es bei den 
bisherigen Kosmetika und medizinischen Mitteln zur 
B^andlung der Haut nicht bekannt, die erHndungsge- 
maB breite Wirkungspalette unter Einsatz nur eines in- 
zigen Wirkstoffes zu erreichen. Denn das neue Mittel 
dgnet sich zur Minderung der Gef^Bneubildung (Cou- 
peroseX der Behandlung erweiterter Venen (B senrei- 
semX Akne» Fetthaut ergraut n Haaren und Pigm nt* 
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fleckeiL Insgesamt wirict das aeue Mittel antiproliferativ 
bei Melanomen, Alopecie^ Akne und im Haarbulbus. 
Dariiber hinaus kann mit dem erflndungsgemaBea Mit- 
tel der Hautalterung vorgebeugt werden* da Untersu- 
duingen ergeben h^en, dafi es auch als Radikalfinger 
wirict 

Die erfindungsgemaB dngesetztea Isoflavone lassen 
ach aus Zuckeifraktionen von Pflanzen (Obs^ Getreide» 
GemOs^ Bohneii» Kirschen^ Weizeiu Ifofen Soja» Eii>- 
sen^ LInsen, Mdhren, Pfirsiche, Kohl, Peranja-Wimel) 
Oder Mikroorganismen (P^eudoomas) gewinnen. Hier- 
b« kdimen die Isoflavone in reiner Form isoliert werden 
und direkt als Wirlcstoff in das Mittel eingegeben wer- 
den. 

Bbenso ist es aber auch mOglich, Isoflavone synthe- 
dsch herzustellen and fOr die ei^dungsgemSBen Zwek- 
keeinzusetzen. 

Scfallefilich kdnnen auch etfaanollsche, wABrige Ex- 
trakte aus Pflanzen^ Miicroorganismen oder syntheti- 
schen Gemiscfaen zum Einsatz kommen. Hierbei liegt 
der Edianolgehalt vorzugsweise zwischen 1CX> und 
60Gew.-%. 

Auch ist es denkbar, Hydrob^eproduktc aus Pflanzen 
oder Mikroorganismen bzw. deren Zuckerfraktionen 
Oder den Extrakten der Pflanzen, Mikroorganismen und 
^ynthesegemische herzustellen. 

Im folgenden wird die Erflndung unter Bezugnahme 
auf die Beispiele nSher besclirieben. 

Beispiel 1 

Um die Minderung von BlutgefaB-Neubildungen 
nachzuweisen, wurden die Rezepturen 2 und 3 tliglich 
dreimal auf die entsprechenden Zonen aufgetragen. 
Ebenso wurde der Einsatz als RadtkalfSnger und Pig> 
mentflecken-Minderer nachgewiesen. Die ELontroIle 
nach 8 Wocfaen ergab jeweils eine leicfate Xfinderung 
der Blutgef&fi-Neubildnngen und der Pigmentflecken. 



Rezept 1 : ^ray, Ampullen-FlOssigkeit 
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Beispiel 2 

Die Proliferationsrate-Senkung wurde bn FaHe von 
Sebumprodukdon Haarwuchs und Hyperkeratinisie- 
rung bei Akne geprfift Dazu wurden die Rezepturen 1 
und 2 eingesetzt Bei der Anwendung der Rezeptur 1 
wurde ti^glich mehnnals auf die entsprechenden Areale 
mit Hilfe ernes handelsflbfichen Pnmpspray-FlSscbdiens 
applsdert; im Falle der Rezeptur 2 wurde dOnn auf die 
entsprechenden Hantareale aufgetragen. 

Als Ergebnis wurde f olgendes f estgestdlt: 
Nfittderung des Aknegradings nach 15 Tagen and Min- 
derung der Petdiautmu:fa 4 Wochen. Die Haarwucfasra- 
te komite erst nadi 2 Monaten kontroUi^ werden 
(Messung des Wudises in 2 Monaten) and zeigte 
minimale Emiedrigung. 
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Wasserdem. 


7 Gew.-% 


Ethanoldenat 


83 Gew.-% 


SojaextraktG 


10Gew.-% 


Rezept 2: Isoflavon-Gel 


Phase 1: 




Eumulgin Bl 


3Gew.-% 


Cetiol868 


10 Gew.-% 


Methyiparaben 


0,15 Gew.-% 


Prophyaraben 


aiOGew.-% 


SojaextraktG 


iaOGew.-% 


Phase 2: 




Wasser 


73Gcw,-% 


Phase 3: 




SepigeI305 


3^ Gew.-% 


Phase 4: 




KathonOG 


0.05Gew.-<»b 



25 



Hersteliungsvorschrift 

Phase 1 wird bei ca. 60 Grad aufgeschmolzen. Phas 2 
wird auf ca. 60 Grad erwarmt Danach werden beide 
Phasen zusammengegeben und verrOhrt. AnschlieBend 
wird Phase 3 zugegeben und bis zum Gelzustand bla- 
senfrei venlihrt SciilieSlich wird nach AbkOhlung auf 
ca. 30 Grad Phase 4 zugesetzt 

Rezept 3: Isoflavon-Lotion 



Phase 1; 




Emnulgin B2 


3^ Gew.-% 


CutinaMD 


5Gew.-% 


CetioI868 


7Gew.-% 


Jojobadl 


3 Gew.-% 


Mediy4>araben 


0,15Gew.-% 


Propylparaben 


0,10Gew.-% 


SojaextraktG 


10Gewr% 


Phase 2: 




Wasser 


70,5Gcw.-% 


Carbapo!934 


030Gew.-% 


Phase 3: 




KathonCXx 


O,05Gew.-% 


Triethanolamin 


0»45Gew.-% 



B^5piel3 



Die Grauhaar-Minderung und haarwochsreguiieren- 
de Wirkung bei androgenetischer Al<^ecie wurden nut 
dem Spray gem^ Rezeptur 5 erprobt. Es wurde nach 
Monaten eine geringe AusfaOquote bemerkt (V r&ige- 
nmg der AnagenphaseX was den Snfhifi auf der Ebene 
der horm nell n Regi^tion ohne Hormoneinsatz be- 
weist. 
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Rezept 4: Isoflavon-Creme 



Phase 1: 






A. ft^m OA 


Vaseline 4814 


10Gew.-% 


Faraffindl P 1500 


5Gew..% 


Lunacera M 


l»OGew.-% 


CetioI868 


5.0Gew.-% 


Methylparaben 


0,15Gew..% 


Propylparaben 


040Gew.-% 


So jaextrakt O 


10Gew.-(»& 


Phase 2: 




Wasser 


643 Gew.-% 


Magnesiumsulfat 


0,40Gew.-% 


Phase 3: 


KathoaCG 


0^50Gew.-% 



Herstelluiigsvorschrift fOr Rezept 3 und 4 

Phase 1 und 2 werden separat auf 70 Grad erwSrmt 
and danach zusammengegeben. Bis zur AbkOhlung auf 
35 Grad whxl gertihrt SchlieBlich wird Phase 3 unter 
Rflhren zugegeben. 

Rezept 5: Haarwuchs-S^ray 



10 



15 



20 



Ethanol denat 

Caldum-Suocinat 

N-Acetyicystein 

Glutamin 

So jaextrakt G 



88Gew..% 
1 Gew.-% 
O^ Gew>% 
0,05 Gew.-% 
lOGew.-yo 
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Rezept 6: Isoflavon-Iiposome 



Sojaextrakt 
Wasser demin 
Lipiddispersion 
durch Kavitator 
prozessieren. 



30% 
40% 
30% 



7-Glucose-Isoflavon ist. 

9.MitteInachetn mderAnsprOch 1 bis5»dadurch 
gckennzcichnet. daB der Wirkstoff 5-Hycboxy 7.4' 
Dimethoxy-Isoflavon ist 

la Mittel nach einem der AnsprQche 1 bis 5, da- 
durch gekennzeidmet. daB der Wirkstoff 7,4'Dihy- 
droxy-boflavon ist 

11. Mittel nach einem der AnsprOche 1 bis 5, da- 
durch gekennzeichnet daB der Wirkstoff 57'Dihy- 
droxy-4'methoxy-Isoflavon ist 

12. Mittel nach einem der AnsprOche 1 bis 5, da- 
durch gekennzeichnet daB der Wirkstoff 
3',4'^7-Tetrahydroxy-Isoflayon ist 

13. Mittel nach einem der AnsprQche 1 bis 5, da- 
durch gekennzeichnet daB der Wirkstoff 
3',4'^-Trihydroxy-7-methoxy-IsofIavon ist 

14. Mittel nach einem der AnsprQche 1 bis 5, da- 
durch gekennzeichnet daB der \Wrkstoff 
3'A7-Tril^droxy-4'-methoxy-Isoflavon ist 

15. Mittel nach einem der AnsprQche 1 bis 5, da- 
durch gekennzeichnet, daB der Wu-kstoff 
3'A7-Trihydroxy-4'^',6-trimethoxy-IsofIavon ist 

16. Mittel nach einem der AnsprQche 1 bis 15, da- 
durch gekennzeichnet daB es zusatzlich Sterole 
entfaalt 

17. Anwendimg des Mittels nach einem der AnsprQ- 
che 1 bis 16 zur medizinischen oder kosmetischen 
Behandhing der Haut gegen Couperose, Besenr i- 
sem, Melanomen, Alopede; Akne, Fetthaut und 
Pigmentflecken. 

18. Verwendting der Mittels nach emem der An- 
sprQche 1 bis 17 ak HaarwuchsmitteL 

19. Verwendung des Mittels nach emem der An- 
sprQche 1 bis 17ais Radikal&nger. 



PatentansprOche 

45 

1. Mittel zur Behandhmg der Haut dadurch ge- 
kennzeicimet, daB es als Wirkstoff Isoflavon ent- 
halt 

2. Mittel nach Ansprudi 1, dadurch gcdcennzeichnet; 
daB es Derivate des Isoflavons enthllt 50 

3. Mittel nach Ansprudi 2, dadurdi gekennzeichnet 
daB die Derivate GI;^oside, Ether, Ester, Acetate 
des Isoflavons oder vom Isoflavon abgdeitete S5u- 
ren, Salze, Chinone, Acetale sind. 

4. Mittel nach einem der AnsprQche 1 bis 3, dadurch 55 
gekennzeichnet daB es mindestens a005Gew.-% 
Isoflavon oder Isoflavonderivate enthalt 

5. Mittel nach Ansprudi 4, dadurch gekennzeichnet 
daB es 0,1 bis 0,005 Gew.-% Isoflavon oder Isofla- 
vonderivate enthalt 60 

6. Mittel nach einem der AnsprQche 1 bis 5, dadurch 
gekennzeichnet daB der Wirkstoff 4-Hydroxy- 
7-Gluco5e-Isoflavon ist 

7. Mittel nach einem der AnsprQch 1 bis 5, dadurch 
gekennzeichnet daB der Wirkstoff 5^,41^1- ^ 
ydroxy-Isoflavon ist 

8. Mittel nach einem der AnsprQche 1 bis 5, dadurch 
gekennzeichnet daB der Wirkstoff 5,4'Dihydroxy, 
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COMPOSITION AND TOEATMENT FOR PERSISTENT REPRODUCTIVE TOANSmON SYMPTOMS 



1. Field of the Invention 

5 The present invention relates to compositions and 

methods for alleviating ailments symptomatic of 
premenopausal and/or menopausal disorders, associated in 
some way with an acute, temporary, developing, or chronic 
imbalance in the serum levels of endogenous, 

10 gynecologically relevant substances, including certain 

neurotransmitters , neurotransmitter substrates and/or 
hormones. In particular, the present invention relates 
to a composition or compositions comprising a mixture of 
remedial carbohydrates and at least one phytoestrogen, 

15 which on administration to a subject in need thereof 

relieves or manages the disorders, manifestations, 
conditions, or discomforts complained of. 

2 . Background of the Invention 

20 Somatic, emotional, metabolic and cognitive 

difficulties, including sleep problems, vasomotor symptoms 
and mood swings, are just some of the symptoms experienced 
by many menopausal women and also by many premenopausal 
or perimenopausal women. The severity of the symptoms 

25 caused by these reproductive physiological changes may 

differ among women of various ages (and even within women 
of approximately the same age) . Some women have little 
or no discomfort, while others become socially and/or 
physically dysfunctional. As for women undergoing 

30 menopause, fully 58 percent describe the process as "some- 

what bothersome", while a third to one fifth of women 
found it "very bothersome" depending upon the age of the 
women reaching menopause . Prevention, (Aug. 1994) 78-142. 
The collection of such various aches, irritability, water 

35 retention and other complaints experienced to some degree 

or another by these women whose bodies are in a state of 



09:59:1 1 



wo 98/21946 PCT/US97/20957 

2 

fliix can be generally referred to as Symptoms of 
Persistent Reproductive Transition or SPRT. 

The etiology of these reproductive physiological 
changes is not universally agreed upon. SPRT-related 
changes can affect vasomotor, cognitive, psychological and 
sexual functions. Specific symptoms include, but are not 
limited to, weight gain, sleep disorders, hot flashes, 
sweating , nervousness , depression , anxiety, vertigo , 
fatigue, arthralgia, headache, tachycardia, vaginal 
dryness and heavy bleeding. 

It is believed that altered estrogen levels in women 
may play a significant role in causing SPRT-related 
ailments. Consequently, Hormonal Replacement Therapy 
(HRT) has been prescribed as a means to supplement or 
replace the loss of estrogen commonly observed in women 
experiencing SPRT-related ailments. The estrogen and 
endogenous hormones used in HRT, however, have 
undesirable side effects such as weight gain, excessive 
bleeding, fluid retention, and increased risk of cancer. 
See, Prevention, (Aug. 1994) 78-142, Safer and more 
effective therapies for SPRT-related ailments continue to 
be sought . 

There are a number of articles describing the 
potential treatment of the somatic symptoms of menopausal 
women by ingestion of foods enriched with phytoestrogens 
or by ingestion of concentrated forms of phytoestrogens. 
It has been recognized that the incidence of certain 
somatic symptoms occurs less frequently in Chinese and 
Japanese women as compared to women in western countries. 
Substantial dietary differences exist between these 
Eastern and Western populations, especially related to the 
consumption of soy products. Consequently, it has been 
suggested that the estrogenic effects of phytoestrogens 
found in soy foods may be responsible for modifying the 
frequency and severity of somatic symptoms observed in 
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menopausal women in different countries. See, Knight, D. 
C- et al., Obstetrics & Gynecology, (1996) 87:897-904. 

Phytoestrogens are naturally occurring compounds 
found in many foods and are defined as plant substances 
that are structurally or functionally similar to estradiol 
and consist of a number of classes, including lignans, 
isoflavones, coumestans and resorcylic acid lignans. 
Recently, a few reports have appeared purporting to 
observe the alleviation of some somatic symptoms of 
menopausal women based on the use of the isoflavonoid 
class of phytoestrogens. These reports, however, continue 
to focus solely on the use of isof lavonoids as potential 
agents for modifying estrogen levels to treat somatic 
symptoms. Most significantly, these references do not 
teach, disclose, or suggest any benefits to emotional, 
cognitive, or - metab olic symptoms. Nor do these references 
teach, disclose, or suggest any benefits to the 
administration or co- administration of remedial 
carbohydrates to provide relief to a whole host of SPRT- 
related ailments. 

Descriptions of methods for treating somatic symptoms 
of menopausal women by the administration of 
phytoestrogens exist. Gorbach et al., in U.S. Patent No. 
5,498,631, describe a method of treating premenstrual 
symptoms, menopausal symptoms, or a condition related to 
reduced levels of endogenous estrogen in women by 
administering isof lavonoids, which are thought to 
substitute for the reduced levels of endogenous estrogen. 
Clearly, Gorbach et al. concentrate on the alleged 
estrogen-like actions of isof lavonoids . Gorbach et al . 
make no mention of the potential role of isof lavonoids in 
a composition or treatment, which also includes effective 
amounts of remedial carbohydrates, to alleviate a broader 
range of SPRT-related ailments, including those having an 
etiology in reduced levels of serotonin. Furthermore, 
Gorbach et al. do not mention the potential role of 
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phytoestrogens for the treatment of emotional, metabolic, 
or cognitive disorders. 

In U.S. Patent No. 5 , 506 , 211 issued to Barnes et al . , 
methods are disclosed for treating patients specifically 
with the isoflavone genistein to inhibit osteoclastic 
activity, thereby allegedly preventing osteoporosis. 
Similarly, Shlyankevich, in U,S, Patent No. 5,424,331, 
concentrates on the use of phytoestrogens as a means for 
regulating hormonal levels in women suffering form 
osteoporosis. Furthermore, Hughes et al . , in U.S. Patent 
No. 5,516,528, describe a composition comprising mammalian 
estrogen as a means for regulating hormonal imbalances. 
Neither Shlyankevich nor Hughes et al . disclose a method 
for alleviating common SPRT-related ailments. 

Apart from attempting to treat solely the somatic 
symptoms related to reproductive physiological changes, 
other references have utilized chemically modified 
isoflavones, also referred to herein as phytoestrogen 
derivatives. In U.S. Patent No. 4,3 90,559, granted to 
Zilliken, a composition is described using a chemically 
modified isof lavonoid-like compounds as antioxidants for 
the preservation of fats and oils. These methods and 
compositions do not use the naturally occurring 
isoflavone. Moreover, the use of excessive amo\ints of 
fats and oils would inhibit the beneficial effects of 
remedial carbohydrates. Similarly, U.S. Patent No. 
- 5,352,384, granted to Shen, describes a modified 
isoflavone that is combined with a highly insoluble fiber. 

In U.S. Patent 4,557,927, granted to Miyake et al . , 
a process is disclosed for enzymatically converting 
natural soybean glycosides to an alpha-glycosylated 
product in which the carbohydrate enzyme substrate is 
covalently bonded to the phytoestrogen. Similarly, 
isoflavonoid compounds can be synthesized which resemble 
the natural isoflavones. In Patent Nos . 4,166,862, 
4,163,746, 3,949,085 and 3,864,362, granted to Feuer et 
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al., non-natural isoflavone compounds are synthesized for 
use as anabolic or catabolic feed additives. Stadler nee 
Szoke et al . , in U.S. Patent Nos. 5 , 043 , 326 and 4 , 826 , 963 , 
describe a method for the preparation of inclusion 
complexes of ipriflavon cyclodextrin . 

Despite a great deal of effort in developing 
treatments for menopause, there remains an unfulfilled 
need for a more effective, comprehensive therapy. In 
particular, prior compositions for treating menopause have 
involved the use of hormonal replacement therapy, which 
fall well short of addressing the needs of those women 
experiencing SPRT-related ailments. Quite surprisingly, 
it has now been found that a more general sense of well- 
being, as well as other benefits, is observed through a 
regimen that affects the imbalances in the body, which 
imbalances are due not only to hormone or hoxmone-li-ke 
substances but also to other substances of gynecological 
significance, including classes of neurotransmitters. 

In mammals, the amino acid tryptophan is the 
precursor to serotonin synthesis in the brain. Certain 
carbohydrates, when ingested, can increase the ratio of 
tryptophan to large neutral amino acids {T:LNAA) in the 
blood stream. An increase in the ratio of T:LNAA has been 
shown to result in a higher level of tryptophan in the 
brain. A higher level of tryptophan in the brain is 
believed, in turn, to lead to an increase in the synthesis 
of endogenous serotonin. While conventional foods (e.g., 
a potato or a bagel) may fortuitously shift the T:IiNAA 
ratio to a limited extent, these conventional foods also 
contain fats, sources of protein, other fibers, or may be 
consumed with other foods that serve as sources of these 
other components. These other components of conventional 
foods may slow down digestion, absorption, metabolism and 
excretion, increase the levels of large neutral amino 
acids, or otherwise interfere with the desired shift in 
the balance of specific amino acids in the blood . 
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It is also important to point out that while a 
deficiency or imbalance in serotonin levels has emerged 
as a leading theory behind the symptoms of premenstrual 
syndrome or PMS (e.g. , a number of studies have shown that 
women with PMS may have a lower serotonin level than women 
without PMS) t such a theory fails to account for or 
predict the effect of the regulation of serotonin levels 
(or the levels of other select neurotransmitters, such as 
dopamine) on premenopausal or menopausal women. 

The present invention relates to the discovery that 
a composition comprising an effective amount of at least 
one phytoestrogen, in conjunction with a mixture or blend 
of remedial carbohydrates or in conjunction with choline 
or a source of choline, can alleviate, treat, or prevent 
SPRT-related ailments. 

3 . Summary of the Invention 

The present invention is directed generally to 
compositions exhibiting surprising efficacy in alleviating 
conditions and/or disorders of the type that women 
experiencing symptoms of persistent reproductive 
transition (SPRT) complain of. The present invention is 
also directed to methods of treating, preventing, 
inhibiting, managing, ameliorating, or alleviating such 
symptoms. In particular, relief from the negative effects 
of the symptoms or manifestations, including somatic, 
emotional, metabolic, or cognitive disorders, may be 
achieved through dietary management using the compositions 
and methods of the invention. 

Accordingly, the invention provides a composition for 
alleviating symptoms of persistent reproductive transition 
(SPRT) comprising (i) a first active ingredient comprising 
at least one phytoestrogen, a source of at least one 
phytoestrogen, or combinations thereof and (ii) a second 
active ingredient comprising (a) a mixture of remedial 
carbohydrates including at least one simple remedial 
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carbohydrate, at least one complex remedial carbohydrate 
and at least a starch, (b) choline, a source of choline, 
or combinations thereof, or (c) both (a) and (b) , the 
composition being substantially free of added beta- 
sitosterol if the second active ingredient comprises 
phosphatidyl choline. In other embodiments, however, 
particularly those in which the second active ingredient 
does not comprise phosphatidyl choline, phytosterols may 
be added to advantage . 

The invention also provides a method of alleviating 
the negative effects of symptoms of persistent 
reproductive transition (SPRT) comprising administering 
to a subject in need thereof an effective amount of at 
least a first substance comprising at least one 
phytoestrogen, a source of at least one phytoestrogen, or 
combinations thereof and an effective amount of at least 
a second substance comprising (a) a mixture of remedial 
carbohydrates including at least one simple remedial 
carbohydrate, at least one complex remedial carbohydrate 
and at least one remedial starch, (b) choline,, a source 
of choline, or combinations thereof, or (c) a combination 
of (a) and (b) . Consistent with a method of dietary 
management, first, second, or both substances are 
preferably administered with a carrier, more preferably 
a nutritionally acceptable carrier, most preferably an 
edible solid, edible semi-solid, or edible liquid carrier. 

The invention also contemplates a method that 
alleviates the negative effects of symptoms of persistent 
reproductive transition (SPRT) relating to emotional 
disorders, metabolic disorders, cognitive disorders, or 
combinations thereof, but not somatic disorders, 
comprising administering to the subject in need thereof 
an effec^tive amount of at least one phytoestrogen, a 
source of at least one phytoestrogen, or combinations 
thereof. In a particular embodiment, the method 
contemplated further comprises administering an effective 
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amount of a blend of two or more remedial carbohydrates, 
preferably a mixture of at least one simple remedial 
carbohydrate, at least one complex remedial carbohydrate 
and at least one remedial starch. More preferably, the 
method further comprises administering an effective amount 
of choline or a source thereof. Any route of 
administration can be taken. However, the oral (by mouth) 
or topical ( transdermally, intravaginally, or the like) 
route is preferred. Moreover, each active component can 
be administered sequentially, preferably within about an 
hour of each other, or substantially concurrently. 

It has surprisingly been discovered that the 
compositions and methods of the invention provide great 
benefits to women who experience a whole range of 
discomforts associated with SPRT. Such benefits include 
relief from, for example, somatic, emotional, metabolic, 
or cognitive associated ailments. It is believed that the 
compositions and methods of the invention provide relief 
from the symptoms by supplying particular nutrients, 
including a combination of selected substances, having the 
capacity to correct (through a regimen of dietary 
management) adverse physiological, psychological and 
psychiatric states stemming from alterations primarily in 
endocrine synthesis and secretion accompanying a woman's 
approach, progression and passage through a post 
reproductive stage during her later years of life. 

To name some of the specific benefits observed from 
^ the administration of the compositions or implementation 
of the methods of the invention to subjects suffering from 
SPRT-related ailments include, but are -^ot limited to, 
inhibition of breakthrough bleeding, elimination of need 
for concurrent hormone replacement therapy, stimulation 
of osteoblastic activity and inhibition of the hardening 
of the vasculature. In other instances, it has also been 
observed that subjects receiving treatment experience an 
improvement in mood, less .water retention, less 
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irritability, or an increased ability to concentrate or 
remain mentally alert. 

Hence, in a specific embodiment of the invention, a 
useful composition is disclosed for the dietary management 
of SPRT-related ailments, comprising at least one 
phytoestrogen, a source of at least one phytoestrogen, or 
combinations thereof and a mixture of blend of remedial 
carbohydrates. In another embodiment, the composition of 
the invention further comprises an amount of choline 
sufficient to inhibit or reverse episodes of cognitive 
deficit or decline, including lack of alertness or an 
inability to maintain premenopausal functionality, in 
those females unsettled by symptoms of persistent 
reproductive transition. 

In still another embodiment, a composition is 
described which comprises a combination of at least one 
phytoestrogen, a source of at least one phytoestrogen, or 
combinations thereof and an effective amount of choline, 
a source of choline, or combinations thereof, independent 
of the presence of an effective amount of a mixture or 
blend of selected remedial carbohydrates. 

Hence, the invention contemplates methods of using 
therapeutic and/or nutritional compositions for 
alleviating, treating, preventing, ameliorating, or 
managing the adverse effects of SPRT-related ailments. 
Broadly, such methods comprise administering a 
therapeutically or nutritionally effective amount of the 
composition to subjects in need thereof. 

Other objects of the invention will become apparent 
to those of ordinary skill in the art upon further 
consideration of the entire disclosure provided herewith. 

4. Glossary of Terms 

The following terms appear in the present 
specification and are defined as follows: 
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Symptoms of Persistent Reproductive Transition or 
SPRT - A collection of symptoms, manifestations, 
disorders, complaints, discomforts, or aches and pains 
which is experienced by perimenopausal or premenopausal 
5 women, menopausal women, or postmenopausal women. In 

particular, a subject suffering from SPRT or an SPRT- 
related ailment is a woman having at least one, preferably 
at least two, most preferably at least three of the 
symptoms listed in Table 1, below, which symptoms are 
10 categorized as somatic, emotional, metabolic, cognitive, 

or nighttime symptoms. 
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TABLE 1. ILLUSTRATIVE 

DISORDERS/SYMPTOMS/MANIFESTATIONS ASSOCIATED WITH SPRT 

I . Somatic 

vaginal dryness 
hot flashes 
fluid retention 
breakthrough bleeding 
excessive bleeding 
vertigo 

headache or migraines 
tachycardia 

libido changes (loss of sexual drive) 
sleep problems 
joint pain 

frequent urination (incontinence) 

breast tenderness 

chills 

cold sweats (night sweats) 

II. Emotional 

irritability 
anxiety 

lack of energy (lethargic) 
fatigue 

mood changes (depressed mood, mood swings) 

III. Metabolic 
weight gain 

marked change in appetite (increased or decreased) 
arthralgia (muscle ache) 
carbohydrate craving 

greater tendency to incur a bone fracture 

IV. Cocmitive 

forget fulness 

recall or short term memory loss 
lose of alertness 
inability to concentrate 

V. Nighttime or Sleep Rela ted Svmr>tr>Tn« 

vaginal dryness 
libido change 
sleep problems 
chills 

incontinence (bladder control) 
night sweats 

The sub- category of sleep problems may relate to 
difficulty in initially falling asleep, waking up one or 
more times during the night, difficulty in falling back 
asleep once awakening during the night, lack of quality 
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sleep (e.g., a fitful sleep), a feeling of grogginess in 
the morning, and the like. 

Another subject in need of treatment, who may benefit 
from the invention, is a woman having episodic or chronic 
manifestations of at least two of the recited SPRT-related 
conditions (ailments, disorders and the like) and who is 
also experiencing changes or irregularities in her 
menstrual flow or cycle attributable to perimenopausal , 
menopausal, or postmenopausal transition. It is important 
to note, however, that some of the same symptoms, which 
are listed in Table 1, can be induced through the 
administration of, intake of, or exposure to 
pharmacological agents, chemicals, hormones and the like, 
or through accident, trauma, or surgery (e.g., loss or 
removal of some portion of the reproductive system, such 
as the uterus and/or one or both ovaries) . 

Remedial carbohydrates - Simple or complex 
carbohydrates, including certain forms of starch, which 
are rapidly digestible and which on consumption increases 
serotonin levels in the blood, serum, plasma, or synaptic 
stiructure (s) relative to the levels of this substance in 
the blood, serum, plasma, or synaptic structure (s) prior 
to the consumption of the remedial carbohydrate. That is, 
consumption of these remedial carbohydrates increases the 
level of endogenous serotonin synthesis. Examples of such 
remedial carbohydrates include, but are not limited to, 
dextrose, galactose, mannose, dextrin, maltodextrin, 
cyclodextrin, potato starch, pre -gelatinized starch, 
gelatinized starch, fructose, sucrose, maltose, 
maltotriose, maltotetraose, or mixtures thereof. It 
.should be pointed out that the remedial carbohydrates, 
which are suitable for use in the invention, are 
substances, naturally derived or otherwise, which are 
deliberately added (as an admixture) to the other 
components of the compositions of the present invention. 
That is, carbohydrates, such as conventional flour, that 
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may be naturally present in certain foodstuffs are not 
considered to be remedial carbohydrates. In addition, a 
mixture or blend of two or more, perhaps three or more, 
remedial carbohydrates refers to a physical combination 
or admixture of two, three, or more distinct types of 
remedial carbohydrates. In preferred embodiments of the 
invention, a mixture comprising at least one simple 
remedial carbohydrate, at least one complex remedial 
carbohydrate and at least one remedial starch may be 
utilized. 

Phytoestrogens - Substances that belong to a family 
of compounds that are naturally found in certain plants 
(a natural source), including foodstuffs, especially soy 
and soy products. Soy proteins are a convenient source 
of phytoestrogens, especially soy phytoestrogens. 
Examples of phytoestrogen compounds include, but are not 
limited to, lignan, genistein, daidzein, Biochanin A, 
formononetin, O-desmethylangolensin, glycetein, texasin, 
equol, prunetin, apegenin, coumestrol, saponaretin, 7- 
hydroxyi sof 1 avone , 5,7- dihydroxyi sof 1 avone , 7,4- 
dihydroxyf lavone, 6 , 7 , 4 ' -trihydroxyisof lavone , or their 
natural glycosylated (e.g., genistein 7-D-glucoside) , 
acetylated, or methoxylated (e.g., genistein 4 ' -methyl 
ether) forms. Phytoestrogens can occur and be used either 
as the aglycon (i.e., minus the sugar moiety), ester, 
ether, or as the glycosylated form (i.e., glycosides). 
Examples, of phytoestrogen glycosides include, but are not 
limited to, genistin, daidzin, glycetin, saponarin and the 
like. Naturally obtained phytoestrogens can, of course, 
be prepared synthetically or semi-synthetically using 
conventional synthetic methods. In keeping with the 
desire to substantially utilize only naturally occurring 
active components, phytoestrogens, as used herein, do not 
include synthetic derivatives or cuialogs of the naturally 
obtained phytoestrogens, except as mentioned above. Such 
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derivatives or analogs of phytoestrogens may also be 
referred to herein simply as "phytoestrogen derivatives." 

Choline or a Source of Choline - These terms refer 
to the substance choline or 2-hydroxy-N,N.N- 
trimethylethanaminium [H0CH,CH,NMCH3) 3] , to choline salts, 
typically as its halide (e.g., fluoride, chloride, bromide 
or iodide) or hydroxide salt, or to a substance, which 
when broken down in the body increases circulating levels 
of choline. Examples of substances that provides a source 
of choline in vivo, include but are not limited to 
citicoline or CDP-choline, phosphatidyl choline and the 
like. certain foods or foodstuffs may also provide a- 
source of choline, including but not limited to, animal 
and plant products, such as bile, brains, lecithin and the 
like, egg yolks, hops, barley, belladonna, or 
strophanthus . 

Phytosterols - Substances having a steroidal backbone 
or nucleus and which may be isolated from plants. An 
example, includes alpha-sitosterol, beta- sitosterol, 
gamma-sitosterol, campesterol , stigmasterol , delta-5- 
avennasterol, delta-7-stigmasterol, brassicasterol , 
lupenol, alpha-spinasterol, or the like. Phytosterols may 
be present naturally in certain foods and foodstuffs, 
which may form part of the compositions of the present 
invention. Phytosterols may also be deliberately added, 
except as noted above concerning the proviso against a 
combination of beta-sitosterol and phosphatidyl choline. 

^- Detailed Descrintion of t.-hf> Piceff>r-r-^ri Embodiments 

One of the principal ingredients of the instant 
compositions, phytoestrogens, is generally available as 
isoflavones and can be obtained from soy proteins, 
soybeans, vegetable protein, tempeh, tofu, miso, aburage, 
atuage, or koridofu. Preferred phytoestrogens include, 
but are not limited to, genistein, daidzein, glycetin or 
a combination thereof. As mentioned above, the remedial 
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carbohydrate mixture or blend constitutes an admixture of 
two or more, preferably three or more, different types of 
remedial carbohydrates. Preferred types of remedial 
carbohydrates include, but are not limited to, dextrose, 
dextrin, maltodextrin, mannose, pre-gelatinized starch, 
gelatinized starch and starch, particularly potato starch. 
Choline or a source thereof can be obtained from any 
combination of lecithin, choline chloride, choline 
bitartrate and choline dihydrocitrate , Choline, itself, 
comprises free choline, its salt, ester, acid, or 
synthetic or natural conjugate (e.g., CDP-choline, 
phosphatidyl choline and the like) . 

In one embodiment of the invention compositions are 
provided which comprise at least one phytoestrogen in an 
admixture with at least a second active component selected 
from (i) a mixture or blend of remedial carbohydrates, 
(ii) choline or a source thereof, or (iii) both 
carbohydrates and choline. A. preferred composition 
comprises an admixture of (a) about 20-100 g of soy 
protein (preferably, about 20-80 g or more preferably, 
about 3 0-60 g) comprising about 20-55 mg, preferably about 
30-45 mg, of soy isoflavones (i.e., one or more 
phytoestrogens), (b) about 20-80 g of the remedial 
carbohydrate mixture or blend comprising about 25-45% of 
dextrose, about 40-70% of maltodextrin and about 1-10% of 
potato starch by weight of total remedial carbohydrate, 
and (c) about 0-5 g of choline, preferably about 1-3 g. 
A more preferred composition comprises an admixture of (a) 
about 60 g of soy protein comprising at least about 14 to 
about 27 mg of genistein and at least about 12 to about 
18 mg of daidzein, (b) about 50 g of a remedial 
carbohydrate mix comprising about 3 7% of dextrose, about 
60% of maltodextrin and about 3% of potato starch by 
weight of total remedial carbohydrate, and (c) about 1 g 
of free choline. As discussed above, the genistein and 
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daidzein can be replaced by genistin and daidzin, either 
individually or together. 

Preferably, the compositions provided are combined 
with a carrier, more preferably a nutritionally acceptable 
carrier, such as an edible solid, semi -solid, or liquid 
carrier, including in the form of dietary product, food, 
food snacks, or drink, to name a few. Preferred carriers 
may include sorbet, sherbet, apple sauce, or pudding. 
Hence, the compositions contemplated can come in many 
forms including, but not limited to, a dry powder, liquid 
concentrate, ready-to-drink, ready-to-eat , cold, ambient, 
hot, beverage or prepared food, e.g., a flavored drink or 
breakfast cereal, cereal additive (sprinkled on), pastry 
or baked goods (pop tart, cookie, biscuit, cracker, coffee 
cake, muffin), pudding or food bar, frozen product (pop 
tart, ice cream) , cake mix, or spread. 

Another embodiment of the invention is directed to 
a method for managing, treating, alleviating, or 
preventing emotional, metabolic, or cognitive disorders 
experienced by premenopausal, menopausal, or 
postmenopausal women by administering to the subject an 
effective amount of at least one phytoestrogen. 
Preferable, the subject in need of such treatment is 
administered about 30-60 g of soy protein, which includes 
about 3 0-45 mg of isof lavones . Most preferably, the 
subject is administered about 60 g of soy protein which 
includes about 27 mg of genistein and about 18 mg of 
daidzein. 

When the composition or method of the invention calls 
for the presence of remedial carbohydrates, simple 
carbohydrates may be selected from dextrose, galactose, 
mannose, fructose, sucrose, maltose, or mixtures thereof, 
while complex remedial carbohydrate may be selected from 
dextrin, maltodextrin, cyclodextrin, maltotriose, 
maltotetraose, or mixtures thereof. The remedial starch 
may be in turn selected from potato starch, pre- 
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gelatinized starch, gelatinized starch, or mixtures 
thereof . 

The subject in need of such treatment is administered 
the therapeutic, dietary, or nutritional composition once 
or twice a day, preferably in the morning and/or evening. 
If the composition is administered more than once a day, 
the administrations are preferably separated by about four 
to about fourteen hours, preferably, about six to about 
twelve hours, more preferably about eight to about ten 
hours. The regimen may last for only a day, a few days, 
or it may continue for as long as the symptoms persist 
(e.g,, daily for 365 days of the year). More typically, 
however, the regimen may last anywhere from a period of 
about one week, two weeks, three weeks, or four weeks to 
a period of about one month, two months, three months, 
four months, five months, six months, or at least a year. 

In yet another embodiment of the invention, a method 
is described for managing, treating, alleviating, or 
preventing in a subject suffering from a SPRT-related 
condition, which method comprises administering to the 
subject in need thereof an effective amount of at least 
one phytoestrogen and at least a second component selected 
from (i) a mixture or blend of remedial carbohydrates or 
(ii) choline or source thereof. A preferred method 
comprises administering to the subject an admixture of (a) 
about 100 g of soy protein comprising at least about 50 
mg of genistin and about 3 0 mg of daidzin, (b) about 50 
g of a remedial carbohydrate mix comprising about 35-40% 
of dextrose, about 50-60% of maltodextrin and about 1-5% 
of potato starch by weight of total remedial carbohydrate, 
and (c) about 1-2 g of a choline salt. 

The ultimate amount of phytoestrogen, carbohydrates, 
and/or choline administered will ultimately vary depending 
upon known factors, such as the pharmacodynamic 
characteristics of the particular agent and its mode and 
route of administration; the age, health and weight of the 
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recipient; the nature and extent of the symptoms; the kind 
of concurrent treatment; and the effect desired. 

As stated above, the therapeutic" compositions can be 
prepared in the form of a ready-to-use dietary product or 
in the form of a dietary product concentrate. Ready-to- 
use products include, but are not limited to, prepared 
foods such as a beverage, pastry, baked goods, pudding, 
food bar, or frozen product. Concentrated forms include, 
but are not limited to a dry powder, liquid concentrate, 
cereal additive, cake mix, or spread. 

To further illustrate the invention, specific 
examples are provided herewith. 

6 . Examples 



6 • 1 . A Typical Foirmulation 

An edible -composition is prepared from a combination 
of about 20-140 g (preferably about 40-100 g) of soy 
proteins, including about 20-90 mg (preferably about 30-55 
mg) of naturally present or added isoflavones, and about 
20-80 g of a mixture of remedial carbohydrates. Preferred 
compositions comprises about 60-120 of soy protein, 
including about 45-90 mg of isoflavones. The total weight 
of the edible composition can range from about 40 g to 
about 200 g. The composition contains at . least two, 
preferably at least about three, four, or more different 
types of remedial carbohydrates selected from dextrose, 
dextrin, maltodextrin, mannose, gelatinized starch, pre- 
gelatinized starch, rice starch and potato starch. In 
addition, the edible composition may contain about 0.5-5 
g of choline or a source of choline in place of the 
remedial carbohydrates or in addition to the remedial 
carbohydrates . 

^'^'h — Powder Suitabl e for Reconsti tution to a 
Beverage 
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A dry powder is prepared comprising phytoestrogen, 
carbohydrate mix and choline, as follows: soy proteins 
(60 g) , isof lavones (45 mg, in the form of genistein, 27 
mg, and daidzein, 18 mg) , carbohydrate mix (50 g, 
comprised of dextrose, 18.5 g, maltodextrin, 30 g, and 
starch, 1.5 g) , choline (1 g) . This powder can be mixed 
with about 8-24 oz. of water to provide a beverage . 

6. 3. A Readv-To-Drink Beverage 

A flavored beverage is prepared comprising about 8-12 
oz . of flavored water mixed with phytoestrogen, 
carbohydrate blend and choline, as follows: soy proteins 
(55 g) , isof lavones (60 mg, in the form of genistin, 35 
mg, and daidzin, 25 mg) , carbohydrate blend (60 g, 
comprised of dextrose, 2 0 g, maltodextrin, 3 0 g, and 
starch, 10 g) , . choline (1.5 g) . 

6. 4. A Baked Muffin 

Baked muffins are prepared by adding to two cups 
BISQUICK, 1 cup milk, and 1 whole egg, a dry powder 
comprising phytoestrogen, carbohydrate mix and choline, 
as follows: soy proteins (60 g) , isoflavones (45 mg, in 
the form of genistein, 27 mg, and daidzein, 18 mg) , 
carbohydrate mixture (50 g, comprised of dextrose, 18.5 
g, maltodextrin, 30 g, and starch, 1.5 g) , choline (1 g) . 
After blending, the batter is poured into muffin molds and 
baked in the oven at a temperature of about 300-3 50 
degrees Fahrenheit for about 15-30 minutes. 

6 . 5 ; A Powder Suitable for Reconstitution to a 
Beverage 

A dry powder is prepared comprising phytoestrogen and 
choline, as follows: soy proteins (65 g) , isoflavones (50 
mg, in the form of genistein, 28 mg, and daidzein, 22 mg) 
and choline chloride (3 g) . This powder can be mixed with 
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about 8-24 oz. of water to provide a beverage providing 
phytoestrogens and choline. 

6 . 6 . Rice Pudding 

Rice pudding is prepared by adding to two cups rice 
pudding mix, 1 cup milk, and 1 whole egg, a dry powder 
comprising phytoestrogen, carbohydrate mixture and 
choline, as follows: soy proteins (90 g) , isoflavones (70 
mg, in the form of genistin, 40 mg, and glycetin, 30 mg) , 
carbohydrate mixture (50 g, comprised of mannose, 18.5 g, 
maltotriose, 30 g, and pre-gelatinized starch, 1.5 g) , 
citicoline (1,5 g) . After blending, the smooth batter is 
poured into paper cups and refrigerated for about 30 
minutes to about 1 hour prior to consumption. 

6 - 7 . Treatment of Siibiect No. 1 

A subject suffering from an emotional, metabolic, or 
cognitive disorder is given a reconstituted beverage 
obtained from the powder described in Example 6.5 once a 
day in the morning or at breakfast time. The daily dosing 
is continued for approximately 90 days. Improvement in 
the alleviation of the complained of symptoms is observed 
after about one month from the start of the regimen. 
After the three month period, the subject reports complete 
relief from fatigue, anxiety and bouts of f orgetf ulness . 

6. 8 - Treatment of Subject No, 2 

A subject suffering from any one or a combination of 
SPRT- related conditions is treated by the administration 
of an admixture of (i) phytoestrogens in the form of 60 
g of soy protein containing 45 mg of soy isoflavones (in 
turn containing 27 mg genistein and 18 mg daidzein) ; (ii) 
20-80 g of a mixture of remedial carbohydrate including 
approximately 25 to 45% of dextrose, 40 to 70% of 
maltodextrin and 1 to 10% of potato starch; and (iii) 
approximately 0.5 To 5.0 g of free choline (base) or the 
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calculated equivalent as a choline salt, ester, acid or 
synthetic or natural conjugate. The admixture is 
administered once or twice daily, preferably administered 
between a 6 to 12 hour period for 3 65 days per year or as 
long as symptoms of SPRT persist. 

6 . 9 . Treatment of Subject No. 3 

A subject suffering from an SPRT-related conditions 
is given approximately 50 g of remedial carbohydrate blend 
containing approximately 37% of dextrose, 60% of 
maltodextrin and 3% of potato starch administered in 
conjunction with a choline source and phytoestrogen 
source. The compositions is administered twice a day 
preferably once in the morning and once in the evening for 
about six months or as long as the SPRT- related symptoms 
persist . 

6 . 10 . Treatment of Su bject No. 4 

A subject suffering from vertigo, weight gain and 
lapses in memory is treated by receiving approximately 1.0 
g of free choline administered in conjunction with a 
remedial carbohydrate blend and phytoestrogen source 
according to the muffin of Example 6.4. The muffin is 
administered once a day preferably in the morning at 
breakfast for 255 days. The subject is symptom free after 
the treatment period. 

Hence, the foregoing examples illustrate the 
successful management, through the administration of a 
diet of nutritional supplements, of a wide range of 
symptoms associated with perimenopausal , menopausal, or 
postmenopausal ailments experienced by women in their 
middle to late years of life. 

It should be apparent to those of ordinary skill in 
the art that other embodiments of the invention may be 
readily contemplated in view of the teachings of the 
present specification. Such embodiments, although not 
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specif ically disclosed, nevertheless fall within the scope 
and spirit of the invention. Hence, the invention should 
not be construed as being limited to the specific 
embodiments provided, which invention is limited solely 
by the claims that follow. 
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WHAT IS CLAIMED IS: 

1. A composition for alleviating symptoms of 
persistent reproductive transition (SPRT) comprising (i) 
a first active ingredient comprising at least one 
phytoestrogen, a source of at least one phytoestrogen, or 
combinations thereof and (ii) a second active ingredient 
comprising (a) a mixture of remedial carbohydrates 
including at least one simple remedial carbohydrate, at 
least one complex remedial carbohydrate and at least a 
starch, (b) choline, a source of choline, or combinations 
thereof, or (c) a combination of (a) and (b) , said 
composition being substantially free of added beta- 
sitosterol if the second active ingredient comprises 
phosphatidyl choline. 

2. The composition of claim 1 which further comprises 
a nutritionally acceptable carrier, 

3. The composition of claim 2 in which said carrier 
comprises an edible solid carrier . 

4. The composition of claim 2 in which said carrier 
comprises an edible liquid carrier. 

5 .The composition of claim 1 in which said 
phytoestrogen comprises a soy phytoestrogen. 

6. The composition of claim 1 in which said 
phytoestrogen is obtained from its natural source or from 
a synthetic or semi -synthetic process. 

7, The composition of claim 5 in which said 
phytoestrogen is obtained from soybean or a soy product 
selected from tofu, miso, aburage, atuage, or koridofu. 
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8. The composition of claim 1 in which said 
phytoestrogen comprises a lignan, genistein^ daidzein, 
Biochanin A, f ormononetin, 0-desmethylangolensin, 
glycetein, texasin, eguol, prunetin, apegenin, couraestrol, 
saponaretin, 7-hydroxyisof lavone, 5 , 7-dihydroxyisof lavone , 
7,4-dihydroxyflavone, 6,7,4' -trihydroxyisof lavone, or 
their natural glycosylated, acetylated, or methoxylated 
forms , 

9. The composition of claim 8 in which said 
phytoestrogen comprises genistin, daidzin, glycetin, or 
saponarin • 

10. The composition of claim 1 in which said remedial 
carbohydrates on consumption increases the level of 
endogenous serotonin synthesis. 

11. The composition of claim 1 in which said simple 
remedial carbohydrate is selected from dextrose, 
galactose, mannose, fructose, sucrose, maltose, or 
mixtures thereof . 

12. The composition of claim 1 in which said complex 
remedial carbohydrate is selected from dextrin, 
maltodextrin, cyclodextrin , maltot riose , maltotet raose , 
or mixtures thereof. 

13. The composition of claim 1 in which said remedial 
starch is selected from potato starch, pre-gelatinized 
starch, gelatinized starch, or mixtures thereof. 

14. The composition of claim 1 in which the second 
active ingredient comprises a mixture of remedial 
carbohydrates including at least one simple remedial 
carbohydrate, at least one complex remedial carbohydrate 
and at least a remedial starch. 
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15. The composition of claim 1 in which the second 
active ingredient comprises choline, a source of choline, 
or combinations thereof. 

16. The composition of claim 1 in whiqh the second 
active ingredient comprises a blend of three or more 
remedial carbohydrates and further comprises choline, a 
source of choline, or a combination thereof. 

17. The composition of claim 14 which contains about 
20 to about 80 g of said remedial carbohydrates. 

18. The composition of claim 14 in which said mixture 
of remedial carbohydrates comprises about 25 to about 45% 
dextrose, about 40 to about 70% maltodextrin and about 1 
to about 10% potato starch. 

19. The composition of claim 17 which contains about 
50 g of said remedial carbohydrates comprising about 37% 
dextrose, about 60% maltodextrin and about 3% potato 
starch. 

20. The composition of claim 1 which contains about 
20 to about 100 g of soy protein. 

21. The composition of claim 1 which contains about 
20 to about 55 mg phytoestrogen. 

22. The composition of claim 21 in which said 
phytoestrogen comprises about 14 to aJ^out 27 mg of 
genistein and about 12 to eibout 18 mg of daidzein. 

23. A method of alleviating the negative effects of 
symptoms of persistent reproductive transition (SPRT) 
comprising administering to a subject in need thereof an 
effective amount of at least a first substance comprising 
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at least one phytoestrogen, a source of at least one 
phytoestrogen, or combinations thereof and an effective 
amount of at least a second substance comprising (a) a 
mixture of remedial carbohydrates including at least one 
simple remedial carbohydrate, at least one complex 
remedial carbohydrate and at least one remedial starch, 
(b) choline, a source of choline, or combinations thereof, 
or (c) both (a) and (b) , 

24. The method of claim 23 in which the first, second, 
or both substances are administered with an edible 
carrier. 



25. The method of claim 23 which is administered daily 
for a period of about one week, two weeks, three weeks, 
or four weeks. 

26. The method of claim 23 which is administered daily 
for a period of about one month, two months, three months, 
four months, five months, six months, or at least a year. 

27. The method of claim 23 which is administered once 
daily. 

2 8 .The method of claim 23 which is administered twice 
daily. 

29. A method of alleviating the negative effects of 
symptoms of persistent reproductive transition (SPRT) 
relating to metabolic disorders, cognitive disorders, or 
combinations thereof, but not emotional disorders, somatic 
disorders, or osteoporosis, comprising administering to 
the subject in need thereof an effective amount of at 
least one phytoestrogen, a source of at least one 
phytoestrogen, or combinations thereof. 
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30 . The method of claim 29 which further comprises 
administering an effective amount of a blend of two or 
more remedial carbohydrates. 

31. The method of claim 29 which further comprises 
administering an effective amount of a mixture comprising 
at least one simple remedial carbohydrate, at least one 
complex remedial carbohydrate and at least one remedial 
starch . 

32. The method of claim 29 which further comprises 
administering an effective amount of choline, a source of 
choline, or combinations thereof, 

33 .The method of claim 29 in which the administration 
is performed orally . 

34. The method of claim 29 in which the administration 
is performed topically. 
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A PROCESS OF PREPARING GENISIEIN 



Technical Field of the-. 

The field of Uiis inventicm is gemstdn productioa More particularly, the 
field of this invention is gemstein production using fennentation of the badeiia 
Sacdiaropolyspora erythmea on a soy-based substrate. 

Background Of Thft Tnv>^fjnn 

Goiistefai is an isoflavone. Isoflavones are a subclass of flavonoids, 
natural products lypicaUy isolated in glycosylated fom from plants. Hie 
aglycone is the biologically active form that has the most medical and commercial 
interest 



The glycosylated form of graiistein is known as genistin. The preparation 
of genistein must include a step in which die core isoflavone structure (genistdn) 
is separated from the glucose moiety. Geaiistin, xAdch is found in soybeans, is 
converted to the biologically active fomi. geaiistem. tiirough the action of a 
beta-glucosidase enzyme. 



Demand for genistein is ejqjected to inraease significandy in die near 
future. Genistein is becoming an established lesearoh tool as an inhibitor of 
protein tyrosine kinase, an enzyme involved in increased ceU prolif^atioa 
Protein tyrosine kinase (FIX), is one of genistein's weU studied biological 
targets. PTK is known to give cells a proliferative advantage. A variety of 
oncogenes of the Src femity have beea shown to have tyrosine kinase activity. 
Genistein is a PTK inhibitor. Genistdn inhibited die PTK activities of 
EGF-receptor and pp60v-src widi an ID50 of 6 and 7 mg/ml respectively in 
experiments using purified components, but in mtact A431 cells 40 mg/ml were 
requiied to inhibit the cellular phosphotyiosine levels. Genistein is reported to be 
an inhibitor of eukaiyotic DNA topoisomerase (topo) I and BL 

Genistein is used as a chemopreventive agent in animal smdies, is 
required for clinical trials as a dietary stq)planent; and likely has appUcation as a 
chemotfierapeutic agrat when coupled to anti-tumor specific antibodies. 
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Populations consuming soybeans show reduced incidence of breast* 
colon, and prostate cancer. Initial animal studies suggested that two isoflavones. 
genistein and daidzein, may be the active ingredients of soybeans that function as 
chemopreventive agents. Genistein injected into neonatal lats reduces 
dimethylbenz(a)anthracene (DMBA>induced mammary tumor induction by about 
50%. Either genistein or daidzein provides some protection against N-methyl 
N-nitrosurea (MNU>induced mammaiy tumors in lats. Although genistein was 
effective in reducing both the tumor incidence and multipHcity, daidzein reduced 
only multiplicity in the later studies. 

Currendy genistein is being tested by the National Cancer tistitute against 
colon carcinogenesis, as part of the Chemoprcvention Screening Program, and 
early results show effectiveness against colon papillomas. Clinical trials to 
identify the metabolism and pharmacokinetics of genistein (phase 1) are also being 
currently performed. 

A recent study identified genistein as a potest antitumor agent (when 
coupled vidth antitumor specific antibodies) against colon carcinogenesis of 
human Bs^dlleukraiia in immunodrfidentinice. TTie B43-gaiistBin 
immunoconjugate at less tiian one-tenth the m aximum toleraled dose killed more 
than 99% of human leukemia cells. The postulated mechanism of genistein's 
action in this study was that of PTK inhibitor. 

Because of the potential clinical use of gemtadn as a chmiopreventive 
and/or chemothenq)eutic agent it is becoming essential to produce this isoflavone 
and some of its promising structural analogs in larger quantities and to reduce its 
price. Genistein is currently expensive to produce using current technology. 
ChmiicaUy syndiesized genistein or genistein extracted from soybeans cun^tly 
can cost up to $5,000 a gram. However, the compound is not produced routinely 
in kilogram quantities at present 

The preset invention provides an mexpensive process for the large scale 
production of genistein wherein Saccharopolyspora erythraea, the organism tiiat 
is used in tiie commercial production of crytiiromycin, is fermented on a soy- 
based fermentation mediimi. 
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Brief Summaiv nf Tha TnvRntinn 

The piesent invention provides a process of preparing genistein 
comprising fennenting the bacteria Saccharopofyspora eryAraea on a soy-based 
substrate. The genistein that is formed by this fermeiitation is then recovered 
from the fermentation mediom. In accordance with this procesSy 
Saccharopofyspora erythraea is cultmed for a period of time and under culture 
conditions sufficient for genistein formation. Suitable culture conditions include 
a tempaatuie of from about 10^ to about 50°C in an aqueous, oxygenated 
medium having a pH value of from about 4.0 to about 9.0, which medium 
contams oxganic nutrients, vitamins and inorganic salts sufficient to maintain 
Saccharopofyspora erydiraea viability. More preferably, the temperature is ficom 
about TD'X: to about 30**C and the medium has a pH value of from about 6.0 to 
about 8.0. A prefened time of femientation is from about 20 hours to about 250 
hours. 

Gemstein is recovered from the fermentation or culture medium by 
extraction in a wac^-immiscible organic solvent at a pH value of from about 8.0 
to about 1 1.0. Preferably, the pH value is from about 9.0 to about 10.0. A 
preferred organic solvent is ethyl acetate. 

In another aspect, the present invention provides a process of recovmng 
genistein fix>m a bacterial fermentation medium comprising extracting genistem 
from the medium in a water-inuniscible organic solvent at a pH value of from 
about 8.0 to about 11.0 and, preferably from about 9.0 to about 10.0. A 
preferred organic solvent is the same as set forth above. In a prefenned 
raibodiment, the bacterial fermottation is a fermentation of Saccharopofyspora 
ery&irae€L 

Detailed Description of the Inventinn 
I. ThelnventinTi 

The present invention provides an inexpensive, large-scale process for 
preparing the isoflavone genistein. That process is based on the surprising 
discovery that genistein is produced during fennaitation of the bacteria 
Saccharopofyspora erythraea^ which is used in the conunercial production of the 
antibiotic erythromycin. The present invmtors have further discovered that 
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genistein is recovered from that fermentation along with etythromycin during 
alkaline, organic solvoit extraction. 

Typicany, industrial fennentations axe designed for the production of a 
single compound of inteiest such as an antibiotic- TTiis compound is traditionaUy 
a biosynthetic product of the microorganism, refeircd to as a secondaiy 
metaboUte. The growth medium is thought of stricdy as a source of carbon and 
nitrogen and other necessary nuuients for the growth of the organism and 
production of the natural product fiom primary metabolic precursors produced by 
the microcvgaiiism. 

The present disclosure that genistein is produced in the erythromycin 

fermentation enables one to recognize that the growth medium itself can be a 
significant source of additional product which can be used to add value to the 
overall finrnentotion. 

The process of the present invention has advantages over other means for 
preparing genistein. When compared to chemical synthetic procedures, the 
present process is more efficient, less costiy and capable of producing genistein 
m large-scale quantities. When compared to procedures involving the extraction 
of genistein from soy beans per «. die present process has tiie advantage of 
selectively producing genistein as opposed to its relatively inactive glycosylated 
precursor, genistin. This is true because Saccharopolyspora erythraea produces 
and secretes, during fermentation a unique form of a beta-glucosidase. which 
enzyme catalyses die removal of the gtooose fom. genistin to form genistein. 

This is highly advantageous not only because it is genistein. and not 
genistin. that is tiie biologically active compound but also because genistein (not 

genistin) is extcactaWe from the femientation medium brodi under ti»e same 
conditions (e.g.. alkaline pH and organic solvent) that are used to i«cov«9- 
erytiiromycin. It is surprising and unexpected that the same solvent and pH can 
be used to extract both genistein and etydirwnycin. 

n. Vtwxaa of Prrnarinp ^i,iftrin 

Hie present invention tinefore provides a process of preparing genistein 
comprising fermenting Sacdum^fyspom erythraea on a soy-based substrate. 
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As used herein, flie term "fementing- or its grammatical equivalents, refes to the 
process of culturing Saccharopotyspora erythraea in a medium that provides 
nutrients, vitamins and inorganic salts sufficient to maintain viability of the 
bacteria such that it will assimilate medium constituents (e.g., carbon and 
nitrogen) and produce eryfluronycin. Suitable media and conditions for bacterial 
fermentation are well known in tiie art By way of example. United States Patent 
No. 2,653,899, the disclosure of which is incorporated herein by reference, 
discloses the feimentation of Streptomyces eryfhreus so as to produce 
erythromycin. 

The famentation of Saccharopolyspora erydiraea to produce gmistdn in 
accordance with the present invention comprises culturing Saccharopolyspora 
erythraea for a period oif time and under culture conditions sufficient for genistdn 
formation. Culture conditions include, as is well known in die art, temperature 
and composition of die culture medium such as pH, nutrient levels, osmolality 
and the like. 

As is also well known in the art, a preferred medium is an aqueous 
medium that is oxygenated. That medium contains assimilatable sources of 
carixsn and nitrogen. Exraiplary sources of carbon include, but are not limited 
to, carbohydrates such as staroh, sugars (e.g., arabinose, fructose, galactose, 
maltose, sucrose) and organic salts (e.g., sodium acetate, sodium citrate, sodium 
malate). One of skill in the art can readily detennine the optimum concentrations 
of such carbon sources in the culture medium. 

The nitrogen source of the culture medium must include a soy-based 
substrate. As used herein, the term "soy-based substrate*' refers to a substrate of 
any form that includes or is derived from soybeans. That soy-based substrate can 
be soybean meal, soybean flour, soybean oil, soybean grits, and the like. Such 
soy-based substrates are commmially available. Exemplary substrates and dieir 
commercial source are set fordi hereinafter m the Examples. 

The culture or feimentation medium can contain assimilatable nitrogen 
sources in addition to the soy-based substtate. Exemplary such additional 
nittogen sources mclude, but arc not lunited to, com steep, amino acid mixtures, 
casein, peptones and the like. 
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The culture medium further comprises inorganic salts diat serve to provide 
any necessary co&ctors for cell viability, genistdn production and erythromycin 
production as weU as for mantaining osmolality within nonnal limits. Typically, 
as is wen known in the art. those salts include sodium, potassium, chloiide, 
magnesium calcium and the like. One of ordinary skill can readily deteimine the 
optimum levels of such inorganic salts. The pH of the culture medium is 
maintained at a suitable level for fermentation. A preferred medium pH value is 
from about 4.0 to about 9.0 and. more preferably from about 6.0 to about 8.0. 
Medium pH can be maintained wiA the use of bnfiFeis as needed. 

As is well known in die art, fermentation can be performed over a wide 
range of temperatures. In aprefened embodiment, fenneniation temperature is 
from about 10"C to about 45«C and. mote preferably fiom about 20»C to about 
40°C. 

Fermeatation is maintained for a period of time sufficient for genistein 
formation. Hmt time will vary, as is weU known in the art, on cutaire conditions, 
concentration of the bacteria and the like. Under culture conditions such as set 
forth above, suitable times typically range from about 20 horns to about 250 
hours. 

Genistein, fdamed fiom the fermcaitation Saccharopotyspora erythraea 
in accordance with aprocess of the present invention is recovered fit»m the 
fennentation or culture medium. Any means of recovering genistein can be used 
It is preferred, however, to recover genistein using conditions similar to tiiose 
nsed to recover erythromycin from tiie same medium. In acconlance with this 
prefened embodiment and, as set forth below, genistein is recovered fiom die 
medium using organic sdvrat extraction at an alimiim. pH. 

™- Prpce,s.s of Rfcnvftrinj. TrfnifiTftin 

In another aspect, therefore, the present invention provides a process of 
recovering genistein from a bacterial fermentation medium that contains genistein, 
the process comprising extracting die genistein from the fermentation medium in 
an oi^ganic solvent at a pH value of from about 8.0 to about 1 1.0. 
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In accordance with the process, the fum^tation medium is adjusted to an 
alkaline pH by the addition of an alkalinizing salt The alkaline pH can range 
ficom a pH value of about 8.0 to a pH value of about 1 1 .0. More preferably, the 
pH value is from about a pH value of 9.0 to a pH value of about 10.0 and, even 
5 more preferably a pH value of about 9.S. 

Any alkalinizing salt can be used so long as that salt does not interfere 
with the isolation and biological stability of genislein. An exemplary and 
prefisrred alkalinizing salt is sodium hydroxide. 

10 

The alkalinized fermentation medium is then extracted with ah organic 
solvent That organic solvent is preferably water immiscible. Any organic 
solvent can be used so long as that solvent does not interfere with the isolation or 
biological stability of genistein. Means for determining suitable such solvents are 

IS well known in the art and within the knowledge of one of ordinary skill in die art 
Exemplary and preferred organic solvent include, but are not limited to alkyl 
esters of fatty acids (e.g„ ethyl acetate, amyl acetate) chlorinated hydrocarbons 
(e.g., chloroform, ethylene dichloride), ethers, ketones and alcohols (eg., 
butanol, amyl alcohol). Particularly preferred organic solvents are alcohols such 

20 as n-butanol and alkyl iatty acid esters such as amyl acetate and ethyl acetate. 

Genistein is isolated and purified from the organic solvent extract (solvent 
fraction) using standard procedures well known in the art By way of example, 
the solvent firaction is extracted with acidified water to remove the erythromydn: 
25 the genistein stays with the organic fraction and the erythromycin is extracted into 
the water fraction. Genistein is then isolated from the solvent using, typically, 
solvent ev^oration and high pressure liquid chromatogr^hy (HPLC). A 
detailed descr^)tion of the recovery of genista using a process of the present 
invention is set forth hereinafter in the Example. 

30 

The following Example illustrates preferred embodiments of the preset 
invention and is not limiting of the specification and claims in any way. 

Example 1: Microbial Prodaction Of Gemstetn 

33 A varieQr of bacterial strains were studied for their ability to produce 

genistein. Three of those strains (Actinomycete bacteria) were reported to 
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produce isoflavones and were purchased from die American Type Culture 
Collection (ATCC). Those three strains were Streptomyces roseolus (ATCC 
31047), md Micro ffwnospora halophytica (subspecies halophytica and 
nf^aXATCC 27596 and ATCC 33088). Control strains (not reported to produce 
isoflavones) studied were Saccharapofyspora eryOtraea (ATCC 11635), an 
erythromycin producer, Streptomyces lividans TK21 (Hopwood et aL, 1985), an 
actinorhodin producer, Streptomyces hygroscopicus (ATCC 29253) an 
ascomycin producer, Streptomyces glaucescens NRLL, a tetracenomycin 
producer, and K coU DH5alpha. 

Various strains were grown (fermented) in dlght dififerent media as set 
forth below« 

1 . AVMM (disclosed in U.S. Patent No. 5,141,926, the disclosure 
of which is incorporated herwn by reference) - asparagine (5 g), glucose (20 g), 
phosphate buffer at pH 7.0, essential vitamins (trace) and water (1 Uter). 

2 . STB - Soytone Broth (Difco), yeast extract, NaQ (2.5 g), <::aC03 
(3.5 g), soluble starch (20 g) trace elements solution (0.25 ml) and water (1 Uter). 

3 . SFB . SoyHuff Broth (Cental Soya), yeast extract, NaCl (2.5 g), 
CaCO^ (3.5 g), soluble starch (20 g) trace elements sohition (0.25 ml) and water 
(1 liter). 

4. SGB - NutraSoyaGrits (Caiiffl), yeast extract, NaCl (2 J g\ 
CaCOa (3.5 g), soluble starch (20 g) trace elements solution (0.25 ml) and water 
(1 Uter). 

5 . Gl - NZ amine (20 g), yeast extract (10 g), soluble starch (20 g), 
Naa (2.5 g), CaCOj {33 g), trace elemmts solution (1.0 ml). 50% glucose 
solution (20 ml) and water (980 ml). 

6. SGGP - Bactopeptone (4 g), yeast extract (4 g), glycine (2 g), 
MgSO^ (0.5 g), 0.5 M KHjPO, (20ml). 50% glucose solution (20 ml) and water 
(960 ml). 

7 . SOD . ttyptone (20 g), yeast extract (5 g), NaCl (0.5 g). 50% 
glucose solution (20 ml) and watw (1 liter). 

8. GM - beef exttact (0.3%), ttyptone (0.5%). dextrose (0.1%), 
soluble starch (2.4%) and water (1 liter). 

Various bacterial sttains were feraiented in 50 ml of the various media at 
3ff*C for 96 hours. 20 mis of each fermentation media were then exttacted with 
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an equal volume of ethyl acetate. The solvent extract was evaporated to dryness, 
resuspended in about 100 microliters of ethyl acetate and subjected to HPLC 
Extracts were examined for the presence of genistein and other isoflavones. The 
identification of genistein in the fermentation medium was made using standard 
gas chromatography/mass q)ectroscopy (GC7MS) procedures well known in the 
art. 

None of the bacterial strains produced isoflavones when fermented in 
media that did not contain a soy-based substrate (Le.» AVMM. Gl, SGGP, SOD, 
GM). These results were paiticularly surprising and unexpected with regard to 
those strains previously reported to produce isoflavones such as Streptomyces 
roseolus (ATCC 31047), and Micromonospora hahphydca (subspecies 
halophytica and m^raXATCX: 27596 and ATCX: 33088). The present results 
bring into question the claims of U.S. Patent No. 3^73,608 to Umezawa et al., 
which discloses that Streptomyces roseobts produces isoflavone during 
fermentation. Although that patent disclosed soy-based fennentation media as a 
suitable medium, other non-sqy-based media were disclosed as being suitable for 
isoflavone production. 

In contrast, genistein was produced when Streptomyces roseolus^ and 
Micromonospora halophytica were femmted in media (STB, SFB and SGB) 
containing a soy-based substrate. Surprisingly, however, the fermentation of 
Saccharapolyspora erythraea^ a strain not previously reported to produce 
isoflavones, also produced genistein in significant amounts v/hen fermented in 
the presence of a soy-base substrate. 

Extensive chemical analyses were performed on extracts from the 
Streptomyces roseolus and Saccharapolyspora ery^traea fermentations. Briefly, 
purified maledal collected fifom HPLC was subjected to GC/MS analysis. The 
results showed diat the material corresponding to the peak eluting at 1 S min. was 
genistein. These findings were based on a comparison between the mass 
spectrum of material isolated fiom die medium and an authentic genistdn 
standard. 

Identity of the material was also checked against apigenin. Apigenin is 
the flavanone equivalent of genistein, having the same molecular weight and 
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substitution pattern. Its mass spectrum is identical to that of g^iist^, except that 
the two compounds were distinguishable by the significantly longer eltition time 
of apigenin (23:12) as opposed to genistein's elutiori time (20:53). The two 
compounds could also be easfly sq>aFaced by HPLX2, 

Genistein was not present in the uninoculated broth contaming soy-based 
substrates and was not produced by fermentation of any bacteria in media without 
a soy-based substrate* These findings, taken togetiier, show that genistein is not 
produced & novo by die bacteria This finding is in direct contradistinction to 
previous teachings about the bacterial production of g^stein (See, e.g.. U.S. 
Patent No. 3,£r73,608). 

Although not wishing to be bound by a particular theory, it is believed 
that genistein is produced during fermentation through die beta-glucosidase 
catalyzed removal of glucose from genistin present in tiie soy-based substrate. 
The beta-glucosidase is likely i»oduced by Sacdmrapofyspora eryOtraea and 
secreted into the fermentation medium where it acts on genistin. Beta- 
glucosidases are a famUy of substrate-specific enzymes that serve to catalyze the 
removal of sugar moieties fi-om particular substrates (See, e.g., MacDonald et aL, 
Applied andEmnronmental Microbiology, 47:350, 1984). Although beta- 
glucosidases have been r^rted to occur in over 400 microorganisms, there arc 
no reports of any beta-glucosidase activity in Saccharapolyspora erythraea (See, 
e.g., Schliemann, Pharmazie, 38:1083, 1983). An examination of the report of 
Schliemann also reveals that there is no pattern to the particular type (i-e., 
substrate specifidty) of beta-glucosidase amongst strains of bacteria. Thus, the 
observation that die fermentation of Streptomyces griseus on soybean meal 
resulted in genistein formation is, in no way, predictive of the present invention. 

Saccharapolyspora erytitraea produced 2.5 mg of genistein/ml of 
medium. Tlie amount of glycosylated isoflavones (e.g., geiustin) in North 
American soybeans is reported to be in die range of about 2.5 to 5 mg of 
glycosylated isoflavone/g dry soybean weight Thus, a process of die present 
invention results in a production and recovery of genistein of about 25% of the 
genistein available. A typical industrial producer of erytiiromycin would use 
about 2,000 kg of crushed soybeans per tank (100,000 L) per week. This would 
potentially lead to the production of 5 kg of goustein per tank per week. A 
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medium scale producer of erythromycin could have 10 dedicated tanks for 
erythromycin production, and would therefore be capable of producing 50 kg of 
genistein per week. 

Genistdn was efficiently extracted from Saccharopoiyspora eryAraea 
fementations at a pH of 93. This is significant because erythromycin is also 
extracted firom Saccharopoiyspora eryihraea fermentations at this elevated pH 
(See, U.S. Patent 2,653,899, the disclosure of which is incorporated herein by 
reference). This means that in the industrial process genistein is co-puiified with 
erythromycin, at least through the first step. Genistein remains in the ethyl 
acetate firaction after the erythromydn is further purified by back extraction mto 
acidified water. Genistein in the solvent fraction is effectively highly purified in 
the solvent distillate. Thus, not only are large quantities of genistein produced, 
but it is in a highly purified and concentrated state. 

The present disclosure that genistein can be extracted finm abacterial 
fementation medium at an alkaline pH in an organic solvent is surprising in view 
of the structure of genistein as well as reported methods of genistein isolation and 
recovery. As is well known, genistein, chemical name 4\6,7- 
trihydroxyisoflavone, contains three hydroxyl groups. As is also weU known, 
those hydroxyl groups tend to lose their hydrogen atoms and become negatively 
charged at alkaline pH values. As the pH increases, the solubility of genistein in 
an organic (non-polar) solvent would thixs decrease and genistein should not be 
recoverable in that organic solvent Indeed, all previous reports of genistein 
isolation in organic solvents utilized an acidified environment (See, e.g., Chimnra 
et al.. The Journal of Antibiotics, 28:619, 1975; U.S. Patent Nos. 3,914,184 and 
3,973,608; and Ogawara et aL, The Journal cf Antibiotics, 39:606, 1986), 
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WHAT IS CLAIMED IS: 

1 . A process of preparing genisteiii comprising fermenting 
Saccharopolyspora eryOmea on a soy-based substrate. 

2. The pnx»ss of claim 1 further comiHisingfecovCT^ 
genistein. 

3. The process of claim I wherein Saccharopolyspora eryihraeais 
cultured for a period of time and under culture conditions sufiBcient for genistdn 
fonnation. 

4. The process of claim 3 wherein iSflccAoro/wfyj^?^^^ 
cultured at a temperature of from about 10°C to about 45°C in an aqueous, 
oxygenated medram having a pH value of from about 4.0 to about 9.0, which 
medium contains oiganic nutrients, vitamins and inorganic salts sufficient to 
maintain Saccharopolyspora erythraea viability. 

5. The process of claim 4 wherein die temperature is from about 
20^C to about 30**C and the medium has a pH value of from about 6.0 to about 
8.0. 

6 . The process of claim 3 wherein the period of time is fiom about 
20 hours to about 250 hours. 

7. The process of claim 2 wherein genistan is recovered by 
extracting genistein from a fermentation medium in a water-immiscible organic 
solvent at a pH vahic of from about 8.0 to about 1 1.0. 

8. The process of claim 7 wherein die pH value is from about9.0 to 
about 10.0. 

9. The process of claim 7 wherein die organic solvent is ethyl 

acetate. 
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10. A process of recovering gemstein from a bacterial femeniation 
medium comprising extracting genistdn from the medium in an organic solvent at 
a pH value of from about 8.0 to about 1 1 .0. 

11. The process of clahn 10 whaein the pH value is from about 9.0 to 
about 10.0. 

1 2. The process of daim 10 wherein the organic solvit is ethyl 

acetate. 

13. The process of claim 10 wherein die bacterial fennemadon is a 
Saccharopolyspora erythraea f ementadoa 
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METHOD FOR TREATMENT OF MENOPAUSAL 
AND PREMENSTHUAL SYMPTOMS 
Backcrroun d of tihe Tnventiion 
5 The present invention relates to therapies for the 

prevention and treatment of menopausal and premenstrual 
symptoms* 

It has long been recognized that the sharp 
reduction in endogenous estrogen levels which occurs 

10 prior to menopause causes a variety of unpleasant 

symptoms, e.g., hot flashes, nausea, nervousness, and 
malaise. Currently, the symptoms of menopause are 
treated by estrogen replacement therap^^ which has 
recently been shown to increase the risk of certain types 

15 of cancer, such as endometrial cancer and breast cancer. 
Changes in levels of endogenous estrogen may also be 
responsible for *>premenstrual syndrome**, a condition 
occur ing in younger women prior to menstruation. 
Premenstrual symptoms are treated with a variety of 

20 hormonal and nonhormonal therapies, which may cause side 
effects. Safer and more effective therapies for both 
conditions continue to be sought. 

summary ef the Invention 
The inventors have found that isof lavonoids, which 

25 are constituents of soy beans and other plants, 

effectively reduce the symptoms of conditions which are 
caused by reduced or altered levels of endogenous 
estrogen, e.g., menopause, and premenstrual syndrome. 
Without being bound by any theory, it is believed that 

30 the isof lavonoids bind to estrogen receptors, and thus 

exert an estrogenic response. These compounds, which are 
present naturally in soy-based and other plant-based 
foods, are safe and cause no significant side-effects. 
Xsof lavonoids which may be administered according to the 

35 invention include genistein, daidzein, Biochanin A, 
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formononetin, o-desmethylangolensin, and equol; these nay 
be administered alone or in combination. 

Accordingly, in one aspect, the invention features 
a method of preventing or treating the symptoms of 
menopause, premenstrual syndrome, or a condition 
resulting from reduced levels of endogenous estrogen, by 
administering to the woman an effective amount of at 
least one isof lavonoid. The isoflavonoid may be 
administered in any suitable form, e.g., in the form of a 
plant extract rich in isof lavonoids or in the form of a 
purified or synthesized isoflavonoid. 

In another aspect, the invention features a 
therapeutic dietary product for preventing or treating 
symptoms resulting from reduced or altered levels of 
15 endogenous estrogen. The dietary product preferably 

includes a soy extract containing enriched isof lavonoids, 
provided in a palatable food carrier, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

Other features and advantages of the invention 
20 will be apparent from the Description of the Preferred 
Embodiments thereof, and from the claims. 

pqff ^<pf <Q« of 1 ->i«» T.T-efeirrftd Babodiments 
Isof lavonoids are naturally occurring substances, 
found primarily in soy beans. These compounds are also 
25 found in lower concentrations in many other plants. 

Isof lavonoids can thus be administered to a patient by 
placing the patient on a diet containing high levels of 
soy-based food products, e.g., tofu, miso, soybeans, 
aburage, atuage and koridofu, or other plant products 
30 rich in isof lavonoids. 

These products nay not be readily available in all 
geographic regions (most of these foods are served 
predominantly in Japan) , and are not be palatable to many 
women, particularly those accustomed to Western-style 
35 food. 



page -4- 



wo 94/23716 



PCTA)S94/04189 



- 3 - 

Accordingly, an isof lavonoid-containing fraction 
can be extracted from a soy or plant product. It is 
preferred that the isof lavonoids be extracted and 
concentrated from soy bean or soy powder. Isof lavonoids 
5 are also available commercially in substantially pure 
form. The concentrated isoflavonoid is preferably 
included in a food carrier to form a dietary product. 
Any type of palatable carrier may be used, but, as the 
isoflavonoid concentrate has a strong flavor, it is 

10 preferred that the carrier include suitable flavorings to 
impart a different, more palatable flavor. The dietary 
product may be any type of food product, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

It is preferred that the dietary product contain 

15 at least 30 mg/serving total isof lavonoids. The 

isoflavonoid concentrate included in the dietary product 
preferably includes a blend primarily comprised of 
genistein and daidzein. The concentrate typically also 
contains lower levels of other isof lavonoids. Host 

20 preferably, the dietary product contains from about 10 to 
30 mg/serving, more preferably about 20 mg/serving of 
genistein, and from about 5 to io mg/serving, more 
preferably about 7 mg/serving of daidzein. Preferably, a 
dietary product containing the preferred dosage of, 

25 isof lavonoids would be consumed at least once per day, 
^ preferably 1 to 2 times per day depending upon the 
severity of the woman's symptoms. 

While it is preferred that the isoflavonoid be 
administered in the form of a dietzury product, if desired 

30 the isoflavonoid could be administered, preferably in 
similar dosages, in medicament form, e.g., mixed with a 
pharmaceutically acceptable carrier to form a tablet, 
powder or syru^. 
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RgamBle 

The connection between diet and estrogen excretion 
was studied in Japanese women and men, and in a few 
children. The women's mean age was 50.4 (SD 18.0) years 
5 and they were all from a small village south of Kyoto and 
consumed a traditional Japanese low-fat diet. 
Isof lavonoid excretion in the urine was measiired in a 
group of three men, three women, and three children 
living in Kyoto and consiiming the traditional diet. We 

10 found a very high excretion of isof lavonoids in the urine 
of these subjects. The mean values were almost identical 
in the two groups and especially high excretion was found 
for genistein (maximum 15.5 umol per 24h in a man) and 
two other isof lavonoids, daidzein and equol (Table 1). 

15 All these compounds bind to estrogen receptors and have 
weak estrogenic activity. The excretion of the 
isof lavonoids in tirine of the Japanese women was much 
higher than previously determined levels in American and 
Finnish women (Table 1) . Excretion was high in children 

20 as in middle-aged and old people. These compounds were 
excreted in 100-fold to 1000-fold higher amounts than the 
levels of endogenous estrogens excreted by noziaal 
omnivorous women consuming a western or oriental diet , 
(Table 1) . 

25 The excretion of the isof lavonoids in urine was 

associated with intake of soy products such as tofu, 
miso, aburage, atuage, koridofu, soybeans, and boiled 
beams. 

It is kno%m that Japanese women have a lower 
30 incidence of menopausal symptoms and premenstrual 
symptoms than the American and Finnish women. 
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CIAIMS 

1» Use of an isoflavonoid in the preparation of a 
medicament for preventing or treating a medical condition 
in a woman caused by reduced or altered levels of 
5 endogenous estrogen. 

2. The use of claim 1, wherein said isoflavonoid 
is selected from the group consisting of genistein, 
daidzein, Biochanin A, f ormononetin, O- 
desmethylangolensin smd equol • 

XO 3 • The use of claim 1 wherein said isoflavonoid 

is in a unit dosage of at least 30 mg. 

4. The use of claim 1 wherein genistein and 
daidzein isof lavonoids are present in said medicament. 

5. The use of claim 4 wherein said isoflavonoid 
15 comprises from about 10 to 30 mg genistein and from about 

5 to 10 mg daidzein. 

6. The use of claim 1 wherein said medicament is 
in the form of a dietary product. 

7. The use of claim 6 wherein said dietary. 
20 product contains at least 30 mg/ serving of said 

isoflavonoid . 

8. The \2se of claim 6 wherein said dietary 
product is a confectionery bar containing said 
isoflavonoid. 

25 9. The use of claim 6 wherein said dietary 

product is a cereal containing said isoflavonoid. 
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10. The method of claim 6 wherein said dietary 
product is a biscuit containing said isof lavonoid. 

11. The method of claim 6 wherein said dietary 
product is a beverage containing said isof lavonoid* 

5 12. A dietary product for preventing or treating 

symptoms of menopause, premenstrual syndrome, or 
conditions resulting from reduced or altered levels of 
endogenous estrogen, comprising at least one isof lavonoid 
provided in a non-soy-based palatable food carrier* 

10 13 » The dietary product of claim 12 comprising 

genistein suid daidzein isof lavonoids. 

14. The dietary product of claim 12 wherein the 
food caurrier is a confectionery bar. 

15. The dietary product of claim 12 wherein the 
15 food ceurrier is a cereal* 

16. The dieteury product of claim 12 wherein the 
food carrier is a biscuit* 

17. The dietsory product of claim 12 wherein the 
food ceurrier is a beverage. 

20 18. The dietary product of claim 12 wherein the 

food carrier contains an amount of the isof lavonoid which 
is effective in reducing the symptoms. 

19. The dietary product of claim 18 comprising at 
least about 30 mg isof lavonoids per serving. 
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20. The die'taxy product of claim 13 wherein said 
dietary product comprises from about 10 to 30 mg/ serving 
genistein and from eibout 5 to 10 mg/ serving daidzein. 
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(57) Abstract 

Compositions comprising formononetin and/or one or more isoflavones selected from biochanin, genistein and daidzein. in a 
tiierapcutically effective ratio of formononetin to said isoflavones of 15:1 to 2:1, optionally in association with one or more carriers, 
excipients, auxiliaries and/or diluents are described. Also described are methods of treatment involving such compositions including the 
prevention and/or treatment of cardiovascular disease, the beneficial alteration of blood lipoprotein levels, or a reduction in the risk of 
vascular disease, or a reducdon in the risk of coronary heart disease, or a reduction in the risk of arteriosclerosis, or in the beneficial 
alteration or maintenance of bone density such as in the prevention or treatment of osteoporosis, and/or in the prevention and/or treatment 
of bone fracture. 
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■ CARDIOVASCULAR AND BONE TREATMENT USING ISOFLAVONES 
Field of tlie Invention 

The present invention relates to die treatment and/or prevention of cardiovascular 
diseases and osteoporosis using isoflavone compounds. More particularly it relates to 
conqpositions. uses and mediods involving certain plant isoflavones, and even more 
particularly to conq)ositions widi Mgh fonnononetin content, in die prevention and/or 
treatment of cardiovascular disease, or die beneficial alteration of blood lipoprotein 
levels, or to reduce die risk of coronary heart disease, or to reduce die risk of 
arteriosclerosis, or in die beneficial alteration or maintenance of bone density such as in 
die prevention or treatment of osteoporosis, and/or in die prevention and/or treatment of 
bone fractures. 

Background of the Invention 

Note: References are collected at die end of die descrqition. 

Cardiovascular disease and osteoporosis have emerged as major community healdi issues 
in Western communities tiiat are experiencmg mcreasing longevity and in non-Western 
communities diat are progressively westemismg dieir lifestyles, particularly diet. Current 
flierapeutic and preventative options for bodi diseases are less dian satisfactory, widi 
current options eidier targeting specific symptoms and failing to address die underlying 
padiogenic mechanisms or being associated widi dose-limiting undesirable side-effects. 
There is an urgent need to develop safer, more effective tiierapies diat are directed at die 
underlymg biological events diat cause cardiovascular disease and osteoporosis and 
which could be used bodi to treat existing disease states and to prevent die onset of 
disease, and which could be used on a long-term basis widiout adverse consequences. 

The piimaiy cause of cardiovascular disease is a disease of artery walls known as 
adierosclerosis. Adierosclerosis is characterised by die deposition of fatty plaque widiin 
the walls of blood vessels and a resulting mflammatory process induced by diat plaque. 
The consequence of diis event is a diickening of die wall widi a resulting diminution of 
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the internal volume of the artery lumen. This consequence has two principal outcomes - 
(a) restricted blood supply to an end-organ, usually the heart (causing coronary heart 
disease), or kidney (causmg renal failure) or the bram (causing senile dementia); and (b) 
acute cerebral ischaemia (or *stroke') due to a piece of atheromatous plaque breaking 
5 free and travelling as an embolus until it lodges in a small diameter vessel resulting in 
injury to the area of tissue supplied by that vessel. 

An important predisposing factor to the development of atherosclerosis is the level of 
cholesterol in the blood, or more specifically the form in which cholesterol is present in 

10 the blood. Cholesterol is an important cell structural component of cells and is required 
by most cells on a daily basis. Cholesterol is delivered to cells via the blood by being 
bound to a protein known as apoprotein of which there are several different types. The 
combination of cholesterol and apoprotein forms a particle known as lipoprotein. 
Cholesterol is delivered to cells in a particle known as low density lipoprotein 

15 (abbreviated to *LDL') comprising a particular type of apoprotein attached to a small 
number of cholesterol molecules. In the tissues, the cholesterol is detached from its 
carrier apoprotein and used by the cell. Any excess cholesterol sits in a free form in the 
tissues until being collected by another type of apoprotein. This cholesterol is returned .to 
the liver for recycling in the form of a particle known as high density lipoprotein 

20 (abbreviated to *HDL'). In healthy mdividuals. the ratio of LDL to HDL is m the range 
of about 2:1 to 2,5:1. It is believed generally that at this ratio, excess cholesterol is 
unlikely to build up in the tissues. As this ratio increases, so the ability of the body to 
recycle excess cholesterol diminishes, leaving free cholesterol in tissues such as artery 
walls. Free cholesterol, particularly in artery walls, is prone to oxidation. Oxidised 

25 cholesterol is highly irritable, leading to inflammation in surrounding tissues. 
Atheromatous plaque is a combination of accumulating oxidised cholesterol and 
inflammatory tissue. 

An increase in the LDL:HDL ratio above 3:1 generally is thought to be associated with 
30 increased risk of atherosclerosis. A large proportion of individuals in Western 
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communities have a ratio of about 3:1 to 7:1. Aside from individuals with a familial 
predisposition to this problem, the principal causes of this imbalance are lifestyle factors 
and age. It is well known that an imbalance can be due to either an abnormally elevated 
LDL level, or an abnormally low HDL level, or both. Factors known to be associated 
with an elevated LDL level are mainly dietary, e.g. a diet comprising high levels of 
animal fat and low levels of complex carbohydrates. Factors known to be associated with 
a low HDL level are lack of exercise and advancing age. The age-related effect on HDL 
levels is a major contributor to a high LDL:HDL ratio in older people, particularly 
women because HDL production is related to estrogen levels in the body and estrogen 
levels decline in both women and men with advancing age. 

While total blood cholesterol levels are thought to be a relevant risk factor for 
atherosclerosis, it is now generally believed that the normal total blood cholesterol range 
is very wide and that a more relevant risk factor is the LDL:HDL ratio. That is, in 
cardiovascular risk terms, the absolute levels of both lipoprotein types is subordinate to 
the relative proportion of LDL and HDL. 

It can be seen that in a person with an abnormally high LDL:HDL ratio, a normal ratio 
of about 2.5:1 might be restored by a therapeutic strategy that either lowered the LDL 
level, or elevated the HDL level, or both. Current therapeutic options predominantly aim 
to lower the LDL level and three broad approaches are used. The first approach is the 
use of dmgs that interfere with cholesterol synthesis. The so-called ^statins', for 
exanq>le ethyl-2-(p-chlorophenoxy)-2- methyl-propionate, reduce cholesterol levels in the 
blood by intermpting cholesterol biosynthesis in the liver. These dmgs typically result in 
a decrease in blood LDL levels by between about 10-40%. The second approach is to 
reduce cholesterol absorption from the gut, thereby reducing the pool of cholesterol 
available within the body. Historically this has been through the use of binding agents, 
such as insoluble, high molecular weight polymers which bind to bile acids forming a 
conq)lex that is excreted in the faeces. More recently, plant sterols have been found to 
achieve the same result. The increased faecal loss of bile acids with either material leads 
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to a decrease in LDL levels, typically in the range 5-12%. The third approach involves 
the use of soy protein which typically reduces total cholesterol and LDL levels by about 
8-12%. The mechanism of action of this material is unknown. There are a number of 
deficiencies with this approach focused on lowering LDL levels. The first is that the link 
5 between LDL-lowering and reduced risk of atherosclerosis or cardiovascular disease is 
assumed, but there is no firm clinical evidence to support this assumption. The second is 
that most of the current therapeutics are associated with undesirable side-effects. The 
statin drugs are associated with a high incidence of adverse side-effects including nausea, 
gastrointestinal reactions such as vomiting, loose stools, dyspepsia, abdominal distress, 
10 cardiovascular complications such as increased angina or cardiac arrhythmias, 
dermatological problems, plus various other general complications. The resin products 
produce adverse reactions such as gastrointestinal disturbance, constipation, aggravation 
of haemorrhoids, and abdominal discomfort. 

15 An alternative therapeutic option is to elevate the HDL levels. This option is increasingly 
being regarded by the medical profession as the more desirable option for several 
reasons. First, because the most conclusive evidence for a clinical benefit restating firom 
a re-adjustment in the LDLtHDL ratio lies with the strategy of increasing the HDL level. 
Gordon et al (1989) (Circulation 79: 8-15) have shown that for every 1 mg/100 mg (1 %) 

20 rise in HDL cholesterol in the blood, the risk of death from coronary heart disease 
decreases by 3%. Second, because HDL appears to provide beneficial actions on the 
artery wall beyond that of scavenging oxidised cholesterol. Third, because in older 
women in particular, the primary reason for an abnormally high LDLrHDL ratio is a 
decline in HDL levels. The therapeutic options here are more limited compared to those 

25 targeting LDL levels. The most effective therapy is steroidal estrogen such as estradiol. 
Estradiol or estrogen replacement therapy typically increases HDL levels by between 
about 15-30% in post-menopausal women, with litde or no effect on LDL levels. 
However, estrogen replacement therapy is associated with a number of adverse 
cardiovascular outcomes including a predisposition to thrombogenesis, leading to 

30 increased risk of blood clots and stroke. This makes estrogen replacement therapy an 
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unattractive therapeutic option for older women. Also, the feminising effects of estrogen 
make it even more unattractive as an option for men. Another drug substance known as 
clofibrinate will increase HDL levels in men and women by about 10% but is little used 
because of its adverse side-effects. Given that the most conclusive clinical evidence for a 
5 beneficial effect on atherosclerosis resulting from moderation of cholesterol levels comes 
from elevation of HDL levels, the current inability of medicine to offer a safe, effective 
means of achieving this outcome remains a major challenge. 

Loss of bone density, like cardiovascular disease, is emerging as a major conmmnity 
10 health problem in Western communities that are experiencing increasing longevity. As 
with declining HDL levels with advancing age, loss of bone density appears to be 
associated primarily with declining estrogen levels in the body. One of the biological 
effects of estrogen is the stimulation of osteoblasts, those bone cells that are responsible 
for the production of new bone, and the down-regulation of osteoclasts, those bone cells 
15 responsible for the resorption of old bone. In the presence of low estrogen levels, 
osteoblast activity diminishes while osteoclast activity continues, leading to reduced 
production of new bone to replace the removed older bone. The result is a gradual loss 
of bone mass. The early stage of this condition is known as osteopenia. The later stage is 
known as osteoporosis. In osteoporosis the density of the bones has fallen to the point 
20 where they are liable to fracture. 

There are two major types of bone tissue in the body - trabecular bone and cortical bone. 
Trabecular bone accounts for about 80% of the bone in the body and is low density, 
areolar bone. Trabecular bone predominates in those bones or in diose parts of bones 
25 which are not higjily weight-bearing, such as the vertebrae, ribs, skull, wrist and ankle. 
Cortical accounts for the remaining 20% of bone in the body and is very dense bone. 
Cortical predominates in load-bearing situations such as the long bones of the limbs and 
the femoral neck in the hip joint. 
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Bone density begins to decline normally from about middle age in both men and women 
and both trabecular and cortical bone are affected, although trabecular bone has a higher 
namral tum-over rate compared to cortical bone, and trabecular bone typically 
e;q)eriences a greater rate of loss of density in the early part of this osteopenic process. 
S Menopause accelerates this process in women. Near menopause, trabecular bone has 
about an eightfold greater rate of turnover compared to cortical bone. In peri-menopausal 
women, trabecular bone is lost by between about 4-8% per annum versus 2-3% per 
annimi for cortical bone. By about the age of 60, the rates of loss in both trabecular and 
cortical bone approximate. This age-related effect is responsible for the phenomenon in 

10 menopausal women where fractures seen between the ages of 50-60 years typically 
involve the vertebrae, wrist and ribs (predominantly trabecular bone) and over the age of 
60 years typically involve the hip and long bones (predominantly cortical bone). Hip and 
femiir fracture are the most serious of the various bone fractures, requiring extended 
hospitalisation and usually extensive^ surgery. About one-third of older women who 

15 fracture their hip die within 12 months of the fracture because of related complications. 

There are various therapeutic options for the treatment or prevention of osteoporosis. 
Steroidal estrogens such as estradiol or synthetic derivatives such as raloxifene are well 
known and widely used for these purposes. These compounds function through a 

20 combination of promotion of bone deposition and reduction in bone resorption. However, 
tiieir effect is seen principally on trabecular bone and they have little or no effect on 
cortical bone. The result of this selective action is that they may protect against fracture 
of bones such as the wrist, ribs and vertebrae, but provide little or no protection against 
the more serious hip and femur fractures. A class of compounds known as 

25 bisphosphonates also enjoy common usage. These compounds act by decreasing bone 
resorption, and while affecting both trabecular and cortical bone, like the estrogens, their 
effect is predominantly directed towards trabecular bone. Other therapies include 
calcitonin, which decreases the rate of bone resorption and ipriflavone which inhibits 
bone resorpdon and increases osteoblast function. All of these drugs are associated with 

30 undesirable side-effects. Given that effective therapy or prevention of bone fractures 
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requires long-term therapy of between 10-30 years, safety and tolerability are key issues 
for patients and all the above therapies enjoy poor patient compliance because of their 
low safety profiles. There is an urgent need to develop therapies that are particularly 
directed to protection of cortical bone and which have a high safety and tolerability 
5 profile so as to encourage long-term usage. 

Some interest has been shown in recent years in plant compounds known as isoflavones, 
in particular those with^'estrogeni^. function such as genistein and daidzein and their 
methyl esters, biochanin and formononetin. In part this interest stems from the 

10 epidemiological observations that cardiovascular diseases and osteoporosis are less 
common in communities whose diets are rich in isoflavones. In part, it also stems from 
their estrogenic function and the likelihood that they could mimic the health benefits of 
estradiol, in particular in the positive cardiovascular health benefits and bone density- 
raising effects of estradiol. Most scientific interest has focused on genistein and daidzein 

15 as these are the strongest estrogen agonists of the four isofiavones. Genistein and 
daidzein are reported to have an estrogenic potency approximately 0. 1 % that of estradiol, 
while formononetin and biochanin are about 10-lOOx weaker than that. 

The literature is minimal in respect to osteoporosis and isoflavone studies. US Patent 
20 5424331 discloses the use of genistein and daidzein as components of an extensive 
mixture of specified compounds in the prevention and/or treatment of osteoporosis in 
humans. However, that patent does not teach the beneficial use of the isoflavones 
formononetin and biochanin, or the effect of a particular isoflavone ratio, or the 
beneficial effect of isoflavones alone, or the relative effect of the isoflavones either alone 
25 or in combination with other materials on trabecular or cortical bone. 

There is experimental evidence that genistein has a beneficial effect on bone. Genistein is 
reported to stimulate bone formation (Fanti, 1998) and to depress osteoclast activity (US 
patent 5,506,211 Bames, S and Blair, HC: Genistein for use in inhibiting osteoclasts). 
30 Low doses of genistein reportedly increased both cortical and trabecular bone density in 
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rats (Anderson, 1998). While the group of isoflavones, genistein, daidzein, fonnononetin 
and biochanin are known to share some biological properties, it is also well known that 
they vary considerably in their biological potencies. Thus there is no understanding of 
the effect of formononetin, biochanin or daidzein on bone biology. 

5 

The only reported clinical study involving isoflavones and osteoporosis involved 66 post- 
menopausal women in a placebo-controlled study who were treated for 6 months with a 
soy product containing either 'moderate' or *high* isoflavone levels (Potter S.M. et al 
"Soy protein and isoflavones: their effects on blood lipids and bone density in 

10 postmenopausal women" American Journal of Clinical Nutrition 1998: 68(suppl) 1375S- 
1379S). It is well known that soy contains daidzein and genistein approximately in a ratio 
of 1:2 and does not contain appreciable levels of formononetin or biochanin. The 
outcome of this study was that the 'high' isoflavone material resulted in a 2% increase in 
bone mineral content and density of lumbar spine but had no effect on bone mineral 

IS content or density of the femur. The implication from these results is that daidzein and 
genistein have a modest effect on trabecular bone but no effect on cortical bone. 

The literature is somewhat clearer on isoflavones and lipoprotein levels. There are a 
number of animal and human studies where whole foodstuffs such as soya or other 

20 legumes or even relatively crude extracts of soya or other legumes have been fed to 
recipients and lipoprotein levels monitored. At best these data are highly equivocal and 
variable. But more importantly, the use of such cmde preparations entails the 
concomitant use of so many plant components including many such as saponins and 
sterols fliat are known to have modulating effects on cholesterol metabolism, that it is not 

25 possible for even those skilled in the art to draw any relationship between isoflavones and 
blood lipoprotein levels. 

The most telling evidence comes from those studies where supplements are highly . 
enriched for isoflavones and where there no other dietary variation have been used. 
30 Three studies using soy extracts enriched for the isoflavones genistein and daidzein have 
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been reported. Two studies failed to find and significant effects of the dietary 
supplementation on LDL or HDL levels CNestel et al (1997) "Soy Isoflavones Improve 
Systemic Arterial Compliance but Not Plasma Lipids in Menopausal and Perimenopausal 
Women" Arteriosclerosis, Thrombosis and Vascular Biology Biol 17: 3392-3398) and 
5 Hodgson et al (1998) "Supplementation with Isoflavonoid Phytoestrogens Does not Alter 
Serum Lipid Concentrations: A Randomised Controlled Trial in Humans" Journal of 
Nutrition 128, 728-332). In a third study (Potter S.M. et al as aboye),6 months' therapy 
with a soy powder in hypercholesterolemic, post-menopausal women produced a mean 
4.3% increase in HDL levels and a mean 8% decrease in LDL levels. The first two 

10 studies would be considered generally to be a more reliable indicator of the lack of effect 
of soy isoflavones on lipoprotein levels given that the isoflavones were added in a highly 
concentrated form and necessitated little dietary adjustment. In the third study, the 
isoflavones were delivered via a soy powder which apart from containing a wide variety 
of soy components such as saponins and sterols with known cholesterol-modifying 

15 properties, also is well known to modify dietary habits through the weight of protein 
present in the soy product. 

US Patent No. 5855892 (Potter) describes a method of altering the concentration of 
cholesterol constituents in human blood using the isoflavone daidzein. Potter describes 
20 the use of soy protein and the isoflavones genistein, daidzein, glycitein and their 
respective glycosides. A 5.2% increase in HDL-cholesterol concentration was reported in 
subjects receiving the soy protein/isoflavone composition. It is unclear what the active 
agent in the compositions is, although the applicants believe it is the soy protein 
constituent which may be providing the very modest increase in HDL levels. 

25 

Further work by Nestel et al (1999 "Isoflavones From Red Clover Improves Systemic 
Arterial Compliance but Not Plasma Lipids in Menopausal Women" Journal of Clinical 
Endocrinology and Metabolism 84: 895-898) has shown that dosage with isoflavones 
from red clover, comprising biochanin, fomiononetin, daidzein and genistein in the 
30 approximate ratio 1 .8: 1 .2:0.2:0. 1 also have no effect on plasma lipids. Another study using 
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a similar supplement of isoflavones from red clover and conducted in 
nomiocholesterolemic, premenopausal women found no statistically significant effect of 
isoflavone supplementation on LDL or HDL levels although there was a slight increase in 
the HDL3 sub-fraction (Samman et al "The effect of supplementation with isoflavones 
5 on plasma lipids and oxidisability of low density lipoprotein in premenopausal women" 
Atherosclerosis 147, 277-283 (1999). 

A reasonable summary of the known art would be that isoflavones from the group 
genistein, daidzein, formononetin and biochanin either singly or in varying combinations 
10 have little or no effect on blood lipoprotein levels. 

Summary of the Invention 

It has been surprisingly found by the inventors that compositions comprising high 
proportions of formononetin relative to one or more isoflavones selected from biochanin, 

IS genistein and daidzein, in a therapeutically effective ratio of formononetin to said 
isoflavones of 15:1 to 2:1, optionally in association with one or more carriers, 
excipients, auxiliaries and/or diluents, are useful in the prevention and/or treatment of 
cardiovascular disease, or the beneficial alteration of blood lipoprotein levels, or to 
reduce the risk of coronary heart disease, or to reduce the risk of arteriosclerosis, or in 

20 the beneficial alteration or maintenance of bone density such as to prevent or treat 
osteoporosis, and/or in the prevention and/or treatment of bone fracture. 

These particular health benefits found with a composition containing such a high 
formononetin content is highly unexpected and surprising for two principal reasons. 

25 First, because it is generally believed that any beneficial effect of isoflavones on the 
cardiovascular system or bone is associated with their estrogenic effect and formononetin 
displays the weakest estrogenic function of the group of isoflavones comprising 
genistein, daidzein, formononetin and biochanin. Second, because it also is assimied 
generally that the human body effectively demethylates formononetin to daidzein, 

30 meaning that formononetin should have equivalent function to daidzein. 
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In accordance with a first aspect of this invention there is provided a composition 
comprising formononetin and one or more isoflavones selected from biochanin, genistein 
and daidzein, in a therapeutically effective ratio of formononetin to said isoflavone(s) of 
15:1 to 2:1, optionally in association with one or more carriers, excipients, auxiliaries 
and/or diluents. 

Formononetin and one or more isoflavones selected from biochanin, genistein and 
daidzein are preferably provided in the form of extracts from chickpea, clover, or other 
plant sources high in formononetin context. The extracts may be prepared by 
water/organic solvent extracts of legume plants, such isoflavone extractive procedure 
being well known in the art. Alternatively, isoflavones may be produced by established 
synthetic techniques as are well known in the art. Formononetin may be in association 
with one or two or three isoflavones selected from biochanin, genistein and daidzein. 
Preferably, the formononetin is present in association with biochanin, free of genistein 
and daidzein or with trace levels or low levels of these components, such as from 0.1% 
to 5% w/w of isoflavone content. 

In accordance with another aspect of this invention there is provided use of formononetin 
and one or more isoflavones selected from biochanin, genistein and daidzein in the ratio 
of 15:1 to 2:1 for the manufacture of a medicament for the treatment and/or prevention 
of cardiovascular disease, or the beneficial alteration of blood lipoprotein levels, or to 
reduce the risk of coronary heart disease, or to reduce the risk of arteriosclerosis, or in 
the beneficial alteration or maintenance of bone density such as in the treatment or 
prevention of osteoporosis, and/or in the prevention and/or treatment of fracture. 

In another aspect of the invention there is provided a method for the prevention and/or 
treatment of cardiovascular disease, or the beneficial alteration of blood lipoprotein 
levels, or to reduce the risk of coronary heart disease, or to reduce the risk of 
arteriosclerosis, or in the beneficial alteration or maintenance of bone density such as m 
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the treatment or prevention osteoporosis, and/or in the prevention and/or treatment of 
bone fracture, which comprises administering to a human subject a composition 
comprising formononetin and one or more of biochanih, genistein and daidzein in a 
therapeutically effective ratio of formononetin to said isoflavones of 15:1 to 2:1, 
5 optionally in association with one or more carriers, excipients, auxiliaries, and/or 
diluents. 

Detailed Description 

Conq)Ositioiis of the present invention comprise formononetin and one or more 

10 isoflavones selected from biochanin, genistein and daidzein, in a therapeutically effective 
ratio of formononetm to said isoflavones of 15:1 to 2:1, optibiially in association with 
one or more carriers, excipients, auxiliaries aind/or diluents. Formononetin may be 
present in association with one or more of biochanin, genistein and daidzein. Where 
formononetin is m association with a single isoflavone, that isoflavone is preferably 

15 biochanin, although having said this, biochanin may be replaced by genistein or daidzein. 
Where two of biochanin and genistein, biochanin and daidzein or genistein and daidzein 
are present in addition to formononetin, they may be present in equal amounts on a 
weight to weight basis, or from 5% through to 95% on a weight to weight basis of a first 
isoflavone, with a corresponding amoimt of the second isoflavone. Where the 

20 coDq)osition comprises formononetin, and biochanin, genistein and daidzein, wherein the 
ratio of formononetin to said other isoflavones is 15:1 to 2:1, the biochanin, genistein 
and daidzein may be present in equal amounts on a weight to weight basis, or 
alternatively in varying amounts, the varying proportions of these isoflavones not beii^ 
important to the invention. Thus, one "unit" of a combination of biochanin, genistein 

25 and daidzein may comprise from 0.1 to 0.99 units biochanin, from 0.1 to 0.99 units 
daidzein, and from 0.1 to 0.99 units daidzein, giving an "other" (non-fonnononetin) 
isoflavone content of one irnit. What is particularly significant to the invention is the 
hi^ formononetin content with regard to other isoflavones, particularly biochanin, 
genistein and/or daidzein. 

30 
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The effect of this high formononetin ratio is to produce an unexpectedly large increase in 
HDL levels in the blood, an effect known to be highly beneficial in protecting against 
atherosclerosis and coronary heart disease. Similarly, the findings as shown hereafter 
that the effect of this composition detailed in this invention has a particular and dramatic 

5 effect on cortical bone density is both unexpected and indicative of a significant clinical 
benefit on the initiation and progression of osteoporosis and the resulting risk of bone 
fracture, particularly of the hip joint, humerus, femur, radius and ulna. The magnitude of 
these biological effects and resulting clinical outcomes obtained with the composition 
detailed in this invention is of a magnitude so greater than that known to be obtamed with 

10 isoflavones generally .to indicate that it is a function specifically of this particular 
isoflavone ratio. 

Formononetin and one or more isoflavones selected from biochanin, genistein and 
daidzein are preferably provided in the form of extracts from chickpea or clover which 
15 high in formononetin context. The extracts are preferably water/organic solvent extracts, 
this isoflavone extractive procedure being well known in the art. 

Clover, for example red clover, is a preferred source of formononetin and said other 
isoflavones. Clovers which may be used uiclude red clover (r. pratense) or subterranean 
20 clover (J. subterranean). Many types of red and other forms of clovers are known, and 
being developed. These legumes may be used in the present mvention. The 
aforementioned isoflavones are preferably prepared by extracting the leguminous 
material with a water/organic solvent. 

25 Collected plant material may be comminuted or chopped into smaller pieces, partially 
comminuted or chopped into smaller pieces, or contacted without any pre-treatment with 
generally water and an organic solvent, such as a water miscible organic solvent. The 
ratio of water to organic solvent may be generally in the range of 1:10 to 10:1 and may 
for example comprise equal proportions of water and solvent or from 1% to 30% (v/v) 

30 organic solvent. Any organic solvent or a mixture of such solvents may be used. The 
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organic solvent may preferably be a C2-10, more preferably a Cl-4 organic solvent 
(such as methanol, chloroform, ethanol, propanol, propylene glycol, erythrite, butanol, 
butanediol. acetonitrUe, ethylene glycol, ethyl acetate, glycidol, glycerol 
dihydroxyacetone or acetone). The extract in this regard may be prepared by exposing 

5 the plant material to the water/solvent mix. Optionally the mixture may include an 
enzyme which cleaves isoflavone glycosides to the aglycone form. The mixture may be 
vigorously agitated so as to form an emulsion. The temperature of the mix may range, 
for example, from an ambient temperamre to boiling temperature. Exposure time may 
be between one hour to several weeks. One convenient extraction period is twenty-four 

10 hours at 90°C. The extract may be separated from undissolved plant material and the 
organic solvent removed, such as by distillation, rotary evaporation, or other standard 
procedures for solvent removal. The resultant extract containing water soluble and non- 
water soluble conq)onents may be dried to give an isoflavone-containing extract, which 
may be formulated with one or more pharmaceutically acceptable carriers, excipients 

1 5 and/or auxiliaries . 

The extract following distillation contains a small amount of oil which includes 
isoflavones m their aglycone form (referred to herein as isoflavones). This isoflavone 
enriched oU, may be subject to HPLC to adjust tiie isoflavone ratios, or, if at the desired, 

20 isoflavone ratio may be dried, for example in tiie presence of sUica, and be formulated 
with one or more carriers, excipients and/or auxiliaries to give an isoflavone containing 
extract. Alternatively, isoflavones may be further concentrated by addition to the oil of a 
non-water soluble organic solvent such as hexane, heptane, octane acetone or a mixture 
of one or more of such solvents. One example is 80% hexane, 20% acetone w/w having 

25 high solubility for oils but low solubUity for isoflavones. The oil readily partitions into 
the organic solvent, and an enriched isoflavone containing extract faUs out of sohition. 
The recovered extract may be dried, for example m an oven at 50°C to about 120*'C, and 
formulated with one or more pharmaceuticaUy acceptable carriers, excipients and/or 
auxiliaries. The ratio of isoflavones, from legume extracts, particularly the high content 

30 of formononetin to other isoflavones is readily obtained and adjusted, for example by use 
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of clovers of high fonnononetin content, concentration using various solvents as 
described above, HPLC fractionation, and the like. 

Clover, as the preferred legume source, is readUy extract wifli water/organic solvents. A 
5 single source of clover may be used, or a combination of one or more different clovers 
and/or chickpeas employed. 

Formononetin and the other isoflavones referred to herein may be synthetically produced 
according to methods well known in the art. See for example Kagal et al. Tetrahedron 
10 Letters 1962. 593; Mahal et al. / Chem Soc 1934, 1769; Wahala et al, Proc Soc Exp 
Biol Med 208. 18(1995) at 27-32. 

The compositions according to the present invention may uiclude one or more 
pharmaceutically acceptable carriers. Carriers are selected so as to be acceptable in the 

15 sense of being ingredients in the conqiosition and must not be deleterious to the patient. 
The carriers may be soUd or a liquid, or both, and may be formulated wifli an extinct 
containing the isoflavones at the desired ratios as a unit-dose, for example a tablet, which 
may contain from 0.5 % to 80% by weight of extract or up to 100% by weight to extract. 
Compositions may be prepared by any of the well known techniques of pharmacy, for 

20 exanq»le admixing the extract, optionally including excipients, dUuents (for example, 
water) and auxiliaries as are weU known in the pharmaceutical field. 

The compositions according to the invention may include one or inore agents, such as 
vitamins (for example. Vitamin A, Vitamin B group. Vitamin C. Vitamin D. Vitamin E 
25 and Vitamin K), and minerals (for example, magnesium, iron, zinc, calcium and 
manganese in the form of pharmaceutically acceptable salts). 

The compositions of the invention include those suitable for oral, rectal, optical, buccal 
(for example, sublingual), parenteral (for example, subcutaneous, intramuscular, 
30 mtradermal and intravenous) and transdermal administration. The most suitable route in 
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any given case will depend on the nature and severity of the condition being treated and 
the state of the patient. 

Compositions suitable for oral administration may be presented in discrete units, such as 
5 capsules, cachets, lozenges, or tablets, each containing a pre-detennined amount of the 
extract; as a powder or granules; as a solution or a suspension in an aqueous or non- 
aqueous liquid; or as an oil-in-water or water-in-oil emulsion. Such compositions may 
be prepared by any suitable method of pharmacy which includes the step of bringing into 
association the active compound and one or more suitable carriers (which may contain 
10 one or more accessory ingredients as noted above). In general the compositions of the 
invention are prepared by uniformly and intimately admixing the extract with a liquid or 
finely divided solid carrier, or both, and then, if necessary, shapmg the resulting 
mixture. For example, a tablet may be prepared by comprising or moulding a powder or 
granules containing the extract, optionally with one or more accessory ingredients . 
15 Compressed tablets may be prepared by compressing in a suitable machine, the extracts 
in the form of a powder or granules optionally mixed with a binder, lubricant, inert 
diluents, and/or surface active/dispersing agent(s). Moulded tablets may be made by 
moulding, in a suitable machine, the powdered compound moistened with an inert liquid 
binder. 

20 

Suitable carriers may be fillers, such as sugars, for example lactose, saccharose, 
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example, 
tricalcium phosphate or calcium hydrogen phosphate, and also binders, such as starch 
pastes using, for example, com, wheat, rice or potato starch, gelatin, tragacanth, 

25 mefliylcellulose and/or polyvinylpyrrolidone, and, if desired, disintegrators, such as the 
above-mentioned starches, also carboxymethyl starch, cross linked polyvmylpyrrolidone, 
agar or algin acid or a salt thereof, such as sodiimi alginate. Excipients may be flow 
conditioners and lubricants, for example silicic acid, talc, stearic acid or salts thereof, 
such as magnesium or calcium stearate, and/or polyethylene glycol. Dragee cores are 

30 provided with suitable, optionally enteric, coatings, there being used, inter alia. 
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concentrated sugar solutions which may comprise gum Arabic, talc, 
polyvinylpyrrolidone, polyethylene glycol and/or titanium dioxide, or coating solutions 
in suitable organic solvents or solvent mixtures, or, for the preparation of enteric 
coatings, solutions of suitable cellulose preparations, such as acetylcellulose phthalate or 
5 hydroxypropylmethylcellulose phthalate. Dyes or pigments may be added to the tablets 
or dragee coatings, for example, for identification purposes or to indicate different doses 
of active ingredients. 

Other orally administrable pharmaceutical compositions are dry-filled capsules made, for 
10 example, of gelatine, and soft, sealed capsules made of gelatine and a plasticiser, such as 
glycerol or sorbitol. The dry-filled capsules may comprise the extracts in the form of 
granules, for example, in admixture with fillers, such as lactose, binders, such as 
starches, and/or glicants, such as talc or magnesiiun stearate, and, where appropriate, 
stabilisers. In soft capsules, the extract is preferably dissolved or suspended in suitable 
15 liquids, such as fatty oils, paraffin oil or liquid polyethylene glycols, to which stabilisers 
may also be added. 

Formulations suitable for buccal (sublingual) administration include lozenges comprising 
the extracts in a flavoured base, usually sucrose and acacia or tragacanth; and pastilles 
20 coiiq)rising the compound in an inert base such as gelatine and glycerin or sucrose and 
acacia. 

Compositions of the present invention suitable for parenteral administration conveniently 
comprise sterile aqueous preparations of the extracts, which preparations are preferably 

25 isotonic with the blood of the intended recipient. These preparations are preferably 
administered intravenously, although administration may also be effected by means of 
subcutaneous, intramuscular, or intradermal injection. Suitable compositions include 
water soluble extracts and also suspensions of the active ingredient, such as 
corresponding oily injection suspensions, there being used suitable lipophilic solvents or 

30 vehicles, such as fatty oils, for example sesame oil, or synthetic fatty acid esters, for 
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example ethyl oleate or triglycerides, or aqueous injection suspensions comprising 
viscosity-increasing substances, for example sodium carboxymethylcellulose, sorbitol 
and/or dextran, and, where appropriate, also stabilisers. As an example, compositions 
may conveniently be prepared by admixing the extracts with water or a glycine buffer 
5 and rendering the resulting solution sterile and isotonic with the blood. Injectable 
formulations according to the invention may contain from 0.1% to 60% w/v of the 
extract and may, for example, be administered at a rate of 0. 1 ml/minute/kg. 

Formulations suitable for rectal administration are preferably presented as unit dose 
10 suppositories. These may be prepared by admixing the extracts with one or more 
conventional solid carriers, for example cocoa butter, and then shaping the resulting 
mixture. 

Compositions suitable for transdermal administration may be presented as discrete 
15 patches adapted to remain in intimate contact with the epidermis of the recipient for a 
prolonged period of time. Such patches may contain the extracts in an optionally 
buffered aqueous solution. 

Compositions suitable for transdermal administration may also be delivered by 
20 iontophoresis (see. for example. Pharmaceutical Research 3 (6): 318 (1986)) and 
typically take the form of an optionally buffered aqueous solution of the extracts. Such 
compositions may, for example, contain citrate or bis/tris buffer (pH 6) or ethanol/water, 
with for example 0.05% to 30% w/w extract. 

25 Compositions may be prepared in a manner, and in a form/amount as is conventionally 
practised. See, for example, Goodman & Gillman, The Pharmacological Basis of 
Therapeutics (7th Edition, 1985) and Remington's Pharmaceutical Science (Mack 
Publishing Company. 10th Edition), both of which are incorporated herein by reference. 
Compositions may contam, for exanq)le. from 0.1 mg to 2 g isoflavones. such as 0.1 mg 
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to 200 mg, more particularly 15 mg to 50 mg isoflavones, the ratios on a w/w basis 
between the isoflavones being as described above. 

The compositions of the invention may also be administered to a human in a dietary 
5 supplement form. Dietary supplements incorporating the active composition can be 
prepared by adding the composition to a food in the process of preparing the food. Any 
food may be used including, but not limited thereto, meats such as ground meats, 
emulsified meats and marinated meats; beverages such as nutritional beverages, sports 
beverages, protein fortified beverages, juices, milk, milk alternatives, and weight loss 

10 beverages; cheeses such as hard and soft cheeses, cream cheese, and cottage cheese; 
frozen desserts such as ice cream, ice milk, low fat frozen desserts, and non-dairy frozen 
desserts; yogurts; soups; puddings; bakery products; salad dressrags; and dips and 
spreads such as mayonnaise, margarine, butter, butter substitute, and other fat containing 
spreads. The composition is added to the food in an amount selected to deliver a desired 

15 dose of the conq)Osition to the consumer of the food. 

The isoflavones as referred to above may be in the form of a powder, a slurry, in 
aqueous solution (for example, containing a small amount of oil), particulate form, or 
dissolved in an organic solvent (such as methanol, ethanol, ethyl acetate or dimethyl 
20 sulphoxide). 

An effective amount of the compositions of the present invention is administered to a 
human subject. The actual dosage levels will depend upon a nimiber of factors, such as 
specific mode of administration, the condition being treated, the condition of the patient 
25 and the judgement of the health care giver. Examples of dosages of isoflavones are 
about 0.1 mg to about 200 mg per day, such as in the order of 1.5 mg/kg (body 
weight)/day. A convenient dosage form contains about 25 mg to 50mg isoftavone as 
described herein. 
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The composition of the present invention comprises formononetin as the principal 
isoflavone. In the context of this invention, it has been found that the preferred ratio of 
formononetin to the other three main isoflavones, genistein, daidzein and biochanin 
embraces the various naturally-occurring forms of isoflavones including their aglycone, 
5 glycoside, acetyl or malonyl forms. 

In accordance with another aspect of this invention there is provided use of formononetin 
and one or more isoflavones selected from biochanin, genistein and daidzein m the ratio 
of 15:1 to 2:1 for the manufacture of a medicament for the prevention and/or treatment 

10 of cardiovascular disease, or the beneficial alteration of blood lipoprotein levels or to 
reduce the risk of coronary heart disease, or in the beneficial alteration or maintenance of 
bone density such as in the prevention or treatment of osteoporosis, and/or to prevent 
and/or treat bone fracture. Formononetin and one or more of biochanin, genistein and 
daidzein, are provided in a ratio of formononetin to the other isoflavones, whether alone 

15 or in combination, m a ratio of 15:1 to 2:1, preferably 10:1 to 5:1. A composition 
formed therefrom may then be administered to humans. 

In another aspect of this invention there is provided a method for the treatment and/or 
prevention of cardiovascular disease, or the beneficial alteration of blood lipoprotein 

20 levels, or to reduce the risk of coronary heart disease, or to reduce the risk of 
arteriosclerosis, or in the beneficial alteration or mamtenance of bone density such as in 
the treatment or prevention osteoporosis, and/or in the prevention and/or treatment of 
bone fracture, which comprises administering to a human subject a composition 
con^rismg formononetin and one or more of biochanin, genistein and daidzem in a 

25 therapeutically effective ratio of formononetin to said isoflavones of 15:1 to 2:1, 
optionally in association with one or more carriers, excipients, auxiliaries, and/or 
diluents. 

A further method aspect of this invention is a method for the beneficial alteration of 
30 blood lipoprotein levels. In this aspect HDL levels may be increased and/or LDL levels 
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may be decreased. Accordingly there is provided a method of increasing HDL levels in 
a subject. In another aspect there is provided a method of reducing LDL levels in a 
subject. 

5 The method aspect of this invention may also extend to a method to decrease the 
propensity of thrombogenic events in humans. 

In a ftirther method aspect of this invention there is provided a method to reduce the risk 
of vascular disease, coronary heart disease and/or arteriosclerosis in a human. 

10 

In a further method aspect of this invention there is provided a method for the beneficial 
alteration or maintenance of bone density such as in the treatment or prevention of 
osteoporosis. 

15 In a still further method aspect there is provided a method of preventing and/or treating 
fractures (including accelerating healing) involving bone with predominant cortical bone 
tissue, such as those involving the femoral neck, femur, himierus, radius, ulna and tibia. 

Each of these above methods involves administering to a human subject a composition 
20 con:q)rising formononetin and one or more of biochanin, genistein and daidzein in a 
therapeutically effective ratio of formononetin to said isoflavones of 15:1 to 2:1, 
optionally in association with one or more carriers, excipients, auxiliaries and/or 
diluents. The subjects being treated may be post-menopausal women who are 
normocholesterolemic or hypercholesterolemic, women who are artherbsclerotic, post- 
25 menopausal women wifli low HDL, and males who are hypercholesterolemic or 
normocholesterolemic, and/or artherosclerotic. 

Oral administration of a solid dosage form such as a tablet or capsule is preferred. One 
or more daily doses is a standard dosing regime. Administration may continue until, for 
30 example, lipid levels in the blood are moved to the appropriate levels. However, for 
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maxiraal benefits on lipid ratios, or prevention of cardiovascular disease, or reduction in 
the risk of coronary heart disease, or reduction in the risk of arteriosclerosis, or in the 
beneficial alteration of bone density such as prevention of osteoporosis, and/or in the 
prevention of bone fractures, administration may be long term, such as for one or more 
5 years. 

As mentioned above, the ratio of formononetin to other isoflavones as used in the 
compositions, methods and uses of this invention produces surprising and most 
advanugeous effects in relation to HDL increase (notwithstanding total cholesterol 
10 increase), and cortical bone mass increase. 

This invention will now be described with reference to the following non-limiting 
examples. 

13 Example 1 

A tablet containing an extract enriched for isoflavones was prepared by methods well 
known in the fields of pharmaceutical and botanical chemistry. Specifically, the 
isoflavones are extracted from a legmne such as red clover using a standard 
water/alcohol extract procedure (as described in the patent PCT/AU9800305) and the 
20 extraa formed into a tablet using standard methods. More specifically, the type of red 
clover used should contain a mixture of formononetin, biochanin, daidzein and genistein. 

Briefly, red clover leaves are harvested and macerated so as to induce enzymatic 
degradation of isoflavones from their glycosidic form to their aglycosidic form. After 

25 standing at ambient temperature for 2 hours, the plant material is snap-frozen by 
exposure to liquid nitrogen. The material can be stored in this form for up to several 
years. For extraction, the frozen material is crashed to a fine powder, thawed and 
placed in a fine gauze bag that is immersed in a solution of 60% ethanol in water. 
Extraction is carried out at 60®C for twenty four hours. The supernatant is separated 

30 from the undissolved plant material, and the solvent removed by distillation. The aqueous 
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phase containing the isoflavones is extracted again with an organic solvent (either 
petroleum ether or hexane or acetyl acetate) to remove oils and other polar compounds. 
The solvent then is removed by distillation and the aqueous phase taken to near-dryness 
by rotary evaporation. This generates a concentrated extract comprising about 25% 
5 isoflavones on a dry weight basis. 

This process essentially extracts the isoflavones on a non-preferential basis so that the 
original ratio of the four isoflavones in the plant is essentially preserved in the final 
extract. In this example, a strain of red clover was selected that contains the four 
10 isoflavones in the approximate ratio (as detected by thin layer chromatography) of 45% 
biochanin, 40% formononetin, 8% daidzein and 7% genistein. 

The dried isoflavone extract was mixed with standard excipients such as methylcellulose 
to form a 400 mg tablet containing 160 mg clover extract and more specifically, 40 mg 
15 of isoflavones comprising 18 mg biochanin, 16 mg formononetin, 3 mg daidzein and 3 
mg genistein. 

Example 2 

A tablet is made according to the procedure detailed in Example 1, but in this case a 
20 strain of red clover is selected that has a high formononetin content. The strain selected 
has a ratio of 82% formononetin, 12% biochanin, 3% daidzein and 3% genistein. After 
solvent extraction as detailed in Exanq>le 1, the dried isoflavone extract has 
approximately the same isoflavone ratio as in the starting plant material. 

25 A 200 mg tablet is formulated using 100 mg of the dried plant extract containing 25 mg 
of isoflavones comprising approximately 20 mg formononetin, 3 mg biochanin, 1 mg 
daidzein and 1 mg genistein. 

Examples 
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Thirty-six post-menopausal normocholesterolemic women were recruited into a double- 
blind clinical trial and randomly allotted to one of three treatment arms - (a) placebo 
tablet, (b) Ix isoflavone tablet daily, or (c) 3x isoflavone tablets daily. The tablets used 
were those prepared as in Example 1. Treatment continued for 3 months. Blood was 
5 collected both at the commencement and completion of the study and analysed for total 
cholesterol, LDL and HDL levels and clotting factors. No significant changes were 
found in any of these parameters in any of the treatment arms over the course of the 
study. 

10 Example 4 

Fifty post-menopausal, normocholesterolemic women were recruited into a single-blind 
clinical trial and randomly allocated to three treatment groups. All three groups received 
a monthly run-in using a daily placebo tablet. They then received an isoflavone 
supplement enriched for formononetin in the form of a tablet as prepared in Example 2. 
15 Three doses were used - either 25 mg, 50 mg or 75 mg isoflavones daily. The principal 
outcomes monitored were total cholesterol, HDL and non-HDL (mainly LDL) levels and 
bone density of the proximal forearm (predomiiiantly cortical bone) and distal forearm 
(predominantly trabecular bone). The results are summarised as follows as % change 
after 6 months' therapy from baseline. 

20 



Isoflavone 
concentration 


Total 
cholesterol 


HDL 


LDL 


Apoprotein 
B 


Proximal 
forearm 


Distal 
forearm 


25 mg 


4,85 


16.5 


1.18 


-10.59 


2.9 


-1.4 


50 mg 


6.19 


28.6 


6.99 


-9.72 


4.1 


-1,1 


75 mg 


5.87 


15.75 


6.26 


.12.15 


2.99 


1.7 



It can be seen that all three doses of this particular ratio of isoflavones resulted in a 
variety of statistically significant and clinically significant changes. Total cholesterol 
levels rose slightly (7%) in all three groups and this was attributable to the dramatic rise 
25 in HDL levels. LDL levels were not significantly affected, but HDL levels rose by as 
much as mean 28% in the 50 mg isoflavone group, an entirely unexpected outcome given 
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the lack of effect on HDL levels observed with other isoflavone studies. A significant 
decline in blood levels of apoprotein B also was achieved, and again this was entirely 
unexpected and points to a significant clinical benefit for these women in terms of flieir 
risk factors for cardiovascular disease. 

5 

Women in the treatment groups, particularly the 50 mg treatment group, also showed a 
highly significant and positive effect on cortical bone density (proximal forearm) in the 
first six months (4.1% increase). There was no observed effect on trabecular bone 
(distal forearm), indicating that this particular isoflavone ratio is having a highly specific 
10 effect on cortical bone. Again this is an entirely unexpected outcome given the lack of 
any previous description of any product that shows specific increase on cortical bone 
with no effect on trabecular bone. 



Examples 

15 Based on the results of Example 4, a 50 mg isoflavone-containing tablet prepared 
according to Example 2 was tested to see if a particularly refractile treatment group, 
namely women with high LDL and low HDL could benefit from the treatment of the 
present invention. This particular grouping of patients are regarded as metabolising 
cholesterol in a manner different firom normocholesterolemic subjects. 

20 

The study design was five weeks on the active composition or placebo, and then a cross- 
over to alternative treatment (active-groups switched to placebo and placebo groups 
switched to active) for another five weeks. Then all subjects remained on the active for 
another 12 weeks. Results shown in the table below present data for the "short-active" 
25 treatment group which comprise women on active for five weeks, and tiie data in the 
"extended-active" column were for women on active for 17 weeks (i.e. 5 plus 12 weeks). 



Placebo 



Short-active 



Extended-active 



HDL cbolesterol ( mol) 



i.3o 



1.34 



1.34 
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LDL cholesterol ( mol) 


5.59 


5.33 


5.08 


Number of subjects 


22 


22 


11 



This study unexpectedly shows that women with high HDL and low LDL at entry to the 
study exhibited a significant reduction in LDL, in the order of 10%. This finding 
correlates with or is somewhat better than current best practice pharmaceutical agents 
5 such as the statins. No examples exist in the literature of the use of isoflavones in women 
with this type of lipoprotein proffle. Accordingly, the compounds of the present 
invention offer treatment for this particularly refractile patient group. 

Example 6 

10 25 mg, 50 mg and 75 mg tablets were prepared with the following excipients to form a 
tablet of total weight 550 mg. The isoflavones were mixed with an acacia gum carrier, 
then added to a tableting formulation containing mixed tocopherols, cellulose 
microcrystalline, calcium hydrogen phosphate, soy polysaccharide, magnesium stearate 
and silica-colloidal anhydrous. 

15 

Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", or variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated mteger or step or group of integers or 
steps but not the exclusion of any other integer or step or group of integers or steps. 
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CLAIMS 

1. A composition comprising formononetin and one or more isoflavones selected 
from biochanin, genistein and daidzein» in a therapeutically effective ratio of 

5 formononetin to said isoflavones of 15:1 to 2:1, optionally in association with 

one or more carriers, excipients, auxiliaries and/or diluents. 

2. A composition according to claim 1 wherein the ratio of formononetin to said 
isoflavones is from 10: 1 to 2: 1 . 

10 

3. A composition according to claim 1 comprising formononetin and biochanin. 

4. A composition according to claim 1 in the form of a solid dosage unit. 

15 5. A composition according to claim 4 in the form of a tablet, capsule, granular 
preparation, buccal delivery vehicle or suppository. 

6. A composition according to claim 1 wherein said formononetin and biochanin 
comprise an extract of chickpea or clover. 

20 

7. A composition according to claim 6 wherein said clover is selected from red 
clover (T. pratense), subterranean clover (T, subterranean) or white clover (T. 
repens). 

25 8. A conqposition according to claim 7 wherein said clover is red cloyer. 

9. A composition according to claim 1 for the prevention and/or treatment of 
cardiovascular disease, or the beneficial alteration of blood lipoprotein levels, or 
to reduce the risk of coronary heart disease, or to reduce the risk of 
30 arteriosclerosis, or in the beneficial alteration or maintenance of bone density 
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to reduce the risk of coronary heart disease, or to reduce the risk of 
30 arteriosclerosis, or in the beneficial alteration or maintenance of bone density 
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such as in the prevention or treatment of osteoporosis, and/or in the prevention 
and/or treatment of bone fracture. 

10. A composition according to claim 1 which additionally includes one or more 
vitamins. 

11. A composition according to claim 10 wherein said vitamins are selected from 
one or more of vitamin C, vitamin D, vitamin E, vitamin K, vitamin A, and 
vitamin B. 

12. A composition according to claim 1 which additionally includes a calcium 
containing compound (0.5 g to 2 g). 

13. A composition according to claim 1 which is incorporate into a beverage. 

14. A conq)osition according to claim 13 wherein the beverage is selected from a 
nutritional beverage, sports beverage, juice, milk or milk alternative. 

15. A composition according to claim 1 which is incorporated into a food, 

16. A composition according to claim 15 where the food is yogurt, a food bar, a 
spread, hard cheese, soft cheese, cream cheese or cottage cheese. 

17. A composition according to claim 1 in the form of a pharmaceutical composition. 

18. A composition according to claim 17 which is in the form of a pill, tablet, 
capsule, suppository, dragee or sublingual dosage form. 

19. Use of formononetin and one or more isoflavones selected from biochanin, 
genistein and daidzein in the ratio of 15:1 to 2:1 for the manufacture of a 
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medicament for the treatment and/or prevention of cardiovascular disease, or the 
beneficial alteration of blood lipoprotein levels, or to decrease the propensity of 
thrombogenic events in humans, or to reduce the risk of coronary heart disease, 
or to reduce the risk of arteriosclerosis, or in the beneficial alteration or 
5 maintenance of bone density suqh as in the prevention and/or treatment of 

osteoporosis, and/or in the prevention and/or treatment of fracture. 

20. Use according to claim 13, which includes providing formononetin and biochanin 
in a ratio of 15:1 to 2:1, and forming a composition for administration to humans 

10 in admixture with one or more carriers, excipients, auxiliaries or diluents. 

21. A method for the treatment and/or prevention of cardiovascular disease, or the 
beneficial alteration of blood lipoprotein levels, or to reduce the risk of coronary 
heart disease, or to reduce the risk of arteriosclerosis, or in the beneficial 

IS alteration or maintenance of bone density such as in the treatment or prevention 

osteoporosis, or in the prevention and/or treatment of bone firacture, which 
comprises administering to a human subject a composition comprising 
formononetin and one or more of biochanin, genistein and daidzein in a 
therapeutically effective ratio of formononetin to said isoflavones of 15:1 to 2:1, 

20 optionally in association with one or more carriers, excipients, axixiliaries, and/or 

diluents. 

22. A method according to claim 21 which is a method for the beneficial alteration of 
blood lipid protein levels. 

25 

23. A method according to claim 22 which increases the concentration of high density 
lipoprotein in the blood of said human. 

24. A method according to claim 23 which decreases the concentration of low density 
30 lipoprotein in the blood of said human. 
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25. A method according to claim 21 to reduce the risk of vascular disease. 

26. A method according to claim 21 to reduce the risk of coronary heart disease. 

5 

27. A method according to claim 21 to reduce the risk of arteriosclerosis. 

28. A method according to claim 21 for the treatment or prevention of osteoporosis. 

10 29. A method according to claim 21 wherein the ratio of formononetin to said 
isoflavones is from 10:1 to 2:1. 

30. A method according to claim 21 wherein said composition is in the form of a 
solid dosage form. 

15 

31. A method according to claim 21 wherein said dosage form comprises a tablet, 
capsule, granular preparation, buccal delivery vehicle or suppository. 

32. A method according to claim 21 wherein said formononetin and biochanin 
20 comprise an extract of chickpea or clover. 

33. A method according to claim 32 wherein said clover is selected from red clover 
(r. pratense), subterranean clover (r. subterranean) or white clover {T repens). 

25 34. A method according to claim 33 wherein said clover is red clover. 

35. A method according to claim 21 wherein the human subject is a pre-menopausal, 
menopausal or post-menopausal woman. 
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36. A method according to claim 35 wherein said woman is normocholesterolemic or 
hypercholesterolemic. 

37. A method according to claim 36 wherein said woman is artherosclerotic. 

38. A method according to claim 21 wherein said human subject is a 
normocholesterolemic or hypercholesterolemic ihale. 

39. A method according to claim 38 wherein said male is hypercholesterolemic. 

40. A method according to claim 39 wherein said male is normocholesterolemic. 

41 . A method according to claim 21 which is a method for the prevention or treatment 
of bone fracture. 

42. A method according to claim 41 wherein said method is a method of preventing or 
treatment fractures involving bone with predominant cortical bone tissue. 

43. A method according to claim 42 wherein said bone is selected from the femoral 
neck, femur, humerus, radius, ulna or tibia bone. 
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1. A compound of che formula I 

r ' 

• 7 • • 

I. II I <!>• 

.wherein the group OR represents hydroxy: lover alkoxy which is 
unsubstituted or substituted by hydroxy, lower alkoxy, amino, lower 
alkylamino, di-lower alkylamino, carboxy or lover alkoxycarbonyl ; or 
lower alkanoyloxy; one of the radicals R' and R" represents hydroxy, 
lower alkoxy, lower alkanoyloxy or lower alkyl and the other one is 
hydrogen; or the groups OR and R* together form a bivalent methyl- 
enedioxy radical which is unsubstituted or substituted by lower 
alkyl and/or phenyl, and R" is hydrogen; or the groups OR and R*' 
together form a bivalent methylenedioxy radical which is unsubsti- 
tuted or substituted by lower alkyl andVor phenyl, and R' is 
hydrogen; and the ring B is unsubstituted or substituted by lower 
alkyl, phenyl-lower alkyl, diphenyl-lower alkyl, phenyl, lower 
alkanoyloxy, halogen, amino, lower alkylamino, di-lower alkylamino, 
phenylami'no, lower alkanoylamino, benzoylamino ; lower alkylsulfon- 
; ylamino. phenylsulfonylamino; lower alkanoyl, benzoyl, carboxy, 
lower alkoxycarbonyl, carbamoyl, N-lover alkylcarbarooy 1 , N,N-di- 
lower alkylcarbamoyl , cyano, ureido, N-Jower alkylureido, lower 
alkylsulfonyl; phenylsulf onyl ; lower alkyl which is substituted by 
hydroxy, lower alkoxy, amino, lower alkylamino, di-low«r alkylamino, 
halogen, carboxy or lover alkoxycarbonyl; lover alkoxy which is 
substituted by hydroxy, lower alkoxy, amino, lover alkylamino, 
dl-lower alkylamino, halogen, carboxy or lover alkoxycarbonyl; 
C3-C7-alkoxy ; and/or bivalent methylenedioxy; 

or wherein the ring B is monosubst i tuted by hydroxy, methoxy or 

ethoxy, provided that R' is other than hydroxy, methoxy or ethoxy, 

if the group OR represents hydroxy, methoxy or ethoxy; 

or vherein the ring B is disubsti tuted by methoxy and lower alkoxy, 

provided in case of 2 * ,4*-dimethoxy substitution that R' and R" are 

other than methoxy. if the group OR represents methoxy: 

with the proviso that the ring B mu-t be substituted, if R* is 

hydroxy and the group OR represents hydroxy or methoxy; 

it being possible for all phenyl groups mentioned as such or In 

compos d radicals to bo unsubstituted or substitute<i by lower 

alkyl* lower alkoxy, halogen, hydroxy and/or nitro; or a salt 

thereof* 
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Blcycllc Compounds 

The present invention relates to isoflavans (» 3,4-dihydro-3- 
phenyl-2H-l-benzopyrans) of the formula I 



wherein the group OR represents hydroxy; lover alkoxy which is 
unsubstltuted or substituted by hydroxy, lover alkoxy, amino, lower 
alkylamino, di-lover alkylamino, carboxy or lover alkoxycarbonyl ; or 
lover alkanoyloxy; one of the radicals R* and R" represents hydroxy, 
lower alkoxy, lower alkanoyloxy or lower alkyl and the other one is 
hydrogen; or the groups OR and R' together form a bivalent methyl- 

nedioxy radical which is unsubstltuted or substituted by lower 
alky^l andfor phenyl, and R'' is hydrogen; or the groups OR and R" 
together form a bivalent methylenedioxy radical which is unsubstl- 
tuted or substituted by lower alkyl and/or phenyl, and R' is 
hydrogen; and the ring B is unsubstltuted or substituted by lower 
alkyl, phenyl-lower alkyl, dlphenyl-lower alkyl, phenyl, lower 
alkanoyloxy, halogen, amino, lower alkylamino, di-lower alkylamino, 
ph nylamln , lower alkanoylamlno, benz ylamlno; low r alkylsulfon- 
ylamino, phenylsulfonylamln ; lower alkanoyl, benzoyl, carboxy, 
lower alk xycarbonyl, carbamoyl, N-lower alky lea rbamoyl, N,N-di- 
low r alkylcarbamoyl , cyan , ureido, N-lower alkylureldo, lower 



tfl 




(I). 



alkylsulfonyl; phenylsulfonyl; lower alkyl which is substituted by 
hydroxy, lower alfcoxy, amino, lower alkylamino, di-lower alkylamin , 
halogen, carboxy or lower alkoxycarbonyl ; low r alkoxy which is 
substituted by hydroxy, lower alkoxy. amino, lower alkylamino. 
di-lower alkylamino, halogen, carboxy or lower alkoxycarbonyl; 
C3-C7-alkoxy; and/or bivalent methylenedioxy ; 

or wherein the ring B is monosubstituted by hydroxy, methoxy or 
ethoxy, provided that R' is other than hydroxy, methoxy or ethoxy, 
if the group OR represents hydroxy, methoxy or ethoxy; 

r wherein the ring B is disubstituted by methoxy and lower alkoxy, 
provided in case of 2* ,4*-dimethoxy substitution that R' and R" are 
other whan methoxy, if the group OR represents methoxy; 
with the proviso that the ting B must be substituted, if R* is 
hydroxy and the group OR represents hydroxy or methoxy; 
it being possible for all phenyl groups mentioned as such or in 
composed radicals (like benzoyl, phenylamino etc.) to be unsubsti- 
tuted or substituted by lower alkyl, lower alkoxy, halogen, hydroxy 
and/or nitro; 

and salts thereof, processes for the manufacture of these compounds, 
pharmaceutical compositions comprising said compounds, and their use 
for the manufacture of pharmaceutical preparations or as pharmacolo- 
gically active compounds. 

The general definitions used herein have the following meanings 
within the scope of the present invention. 

The term "lower** means that groups so defined have preferably up to 
and including 7, especially up to and including 4, carbon atoms. 

Lower alkyl as such or in composed radicals like lower alkoxy etc. 
la e.g. n-propyl, isopropyl, n-butyl, isobutyl, sec. -butyl, tert.- 
btttyl, n-pentyl, isopentyl, neopentyl, n-hexyl, isohexyl r n-hep- 
tyl, preferably ethyl and specially methyl. 

L wer alkyl substituted by halogen is pr f rably trif luoromethyl. 



Lower alkanoyl as such or In composed radicals like lover alkanoyl- 

xy etc. is e.g. formyl, acetyl, propionyl, n-butyryl, pivaloyl or 
valeroyl. 

Halogen is preferably fluoro or chloro, but may be also bromo or 
lodo. 

Phenylsulfonylamino means the radical -NHSOeCeHs* lover alkylsulfo-* 
nyl is -S02-lower alkyl. 

Ureido and lover alkylureido represent the radicals -NH-CONH2 and 
--NH-CONHAlk ( 3-alkylureido) or -NAlk-CONHz ( l-alkylureido) respec- 
tively (Alk*lover alkyl). 

In lover alkoxy radicals vhich are substituted by hydroxy, epoxy, 
lover alkoxy, amino, lover alkylamino, di*lover alkylamino or 
halogen, the substituents mentioned are normally separated from the 
xy group in lover alkoxy by at least tvo carbon atoms. 

Salts are preferably pharmaceutically acceptable salts, 5^specially 
metal or ammonium salts of said compounds of formula I having a free 
carboxy group, more particularly alkali or alkaline earth metal 
salts, e.g., the sodium, potassium, magnesium or calcium salt; or 
advantageously easily crystallizing ammonium salts derived from 
ammonia or organic amines, such as mono-, di- or tri-lover (alkyl, 
cycloalkyl or hydroxyalkyl)-amines, lover alkylenediamines or lover 
(hydroxyalkyl or aralkyD-alkylammonium hydroxides, e.g., methyl- 
amlne, diethylamine, triethylamine, dicyclohexylamine, triethanol- 
amine, ethylenediamine, tris-(hydroxymethyl)aminomethane or benzyl- 
trimethylammonium hydroxide. Said compounds of formula I having a 
basic group form acid addition salts of preferably the pharma- 
ceutically acceptabl Inorganic or organic acids, such as of strong 
mineral acids, for example hydrohallc, .g. hydr chloric or hydro- 
bromic acid; sulfuric, phosphoric, nitric or perchloric acid; 
aliphatic r aromatic carboxyllc or sulfonic acids, .g. formic. 
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acetic, propionic, succinic, glycolic, lactic, malic, tartaric, 
gluconic, citric, tnaleic, fumaric, pyruvic, phenylacetic , benzoic, 

4- aininoben2oic, anthranilic, 4-hydroxybenzoic , salicylic, A-amino- 
salicylic, pamoic, nicotinic, methanesulfonlc, ethanesulfonic, 
hydroxyethanesulfonic, benzenesulfonic, p-toluenesulfonic , naph- 
thalenesulfonic, sulfanilic or cyclohexylsulfanic acid, or other 
acidic organic substances, such as ascorbic acid. 

For the purposes of isolation or purification it is also possible to 
use pharmaceutlcally unacceptable salts. Only the pharmaceutically 
acceptable, non-toxic salts are used therapeutically, however, and 
these are therefore preferred* 

The compounds of this invention exhibit valuable pharmacological 
properties. They, for example, improve hemorheological parameters, 
inhibit platelet aggregation and phosphodiesterase, have calcium 
antagonist activity and improve peripheral oxygenation. These 
properties make the compounds useful e.g. for the treatment of 
vascular diseases as for example, intermittent claudication, 
artherosclerosis, thrombotic diseases, myocardial Ischemia, myo- 
cardial infarct, coronary diseases, cerebral ischemia, cerebral 
infarct, diabetic microangiopathy, arterial ulcer, Raynaud's 
syndrom, vasospasm, chronic venous insufficiency, venous ulcer or 
haemorrhoids. 

Furthermore, the compounds of the invention are inhibitors of the 

5- lipoxygenase and/or 12-lipoxygenase and have antioxydacive 
activity. These properties make the compounds useful e.g. for the 
treatment of inflammatory diseases, hypersensitization and asthma as 
well as skin diseases, e.g. psoriasis. 

1) Hemorheological parameters 

the improvement of hemorhe logy parameters can be e.g. dem nstrat d 
with in vitro pharmacological mod Is of human bio d. In a first 
model, the analysis f th flow behaviour f concentrated suspen- 
sions f washed rythrocyt s is d scribed and measured acc rding t 
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TEITEL [Blood Cells, 3. 55-70 (1977) J and SCHMID and SCHOEMBEIN 
[VASA, 4, 263-270 (1975)]. In a second model, the hemorheological 
Improvement Is analysed with the yield shear stress technique 
according to KIESEWETTER et al. (Blblthca. haemat. 47, 14-20 (1981) J 
and KIESEWETTER et al. tBiorheology. 19. 363-374 (1982)1. Results 
are obtained by calculating ED50 in |iM (concentration of substance 
which improves hemorheologlc alteration by 50 % due to Ca** stress). 
The ED50 values are, in the case of the compounds of the invention, 
approximacely 0.05 \Ci or above. 



2) cAMP-phosphodiesterase Inhibition activity 

The inhibitory effect of the compounds of the invention on cAMP- 
phosphodiesterase activity can be e.g. obtained according to 
WELLS et al. [Biochim. Biophys.- Acta 384, 430-432 (l!>/5)) and 
BERET2 et al. iBiochem. Pharmacol. 35, 257-262 (1986)]. Phosphodi- 
esterases are obtained from fresh human platelets or fresh human 
aorta. The effect of the compounds on cAMP-phosphodlesterase of 
fresh human tissue is studied by adding solutions of compounds to be 
tested from 1 to 100 iiM. IC50 values (concentration which is 
necessary to inhibit 50 % of the reaction) can be determined in 
order to evaluate the activity of the compounds. They are approxi- 
mately 1 iiM or above in the case of the compounds of the invention. 

3) Inhibition of platelet aggregation 

The inhibition of platelet aggregation can be e.g. demonstrated with 
the pharmacological model of washed human platelet collected from a 
forearm vein. Washed platelet suspensions are prepared according to 
CAZENAVE et al. lAnn. Biol. Clin. 41, 167 (1983)] and BERETZ et al. 
{Blochem. Pharmaco?. 35, 257-262 (1986)J. Results can be obtained by 
calculating IC50 (concentration of the compound which inhibits 50 % 
of platelet aggregation). Th IC50 values are, in the case of the 
compounds of the Invention, appr ximately 1 (iN or above. 
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4) Calcium antagonist activity 

The evaluation of the property to inhibit the contraction induced by 
calcium chloride or potassium chloride depolarized rat mesentery can 
be made e.g. using the method described by BROCKAERT and GODFRAIND 
[Eur. J. Pharmacol. 53, 281 (1979)1. The inhibitory effect of the 
compounds is expressed as the concentration necessary to inhibit 
50 % of the initial contraction obtained with CaCla. 

5) Peripheral oxygenation 

The effect of the compounds on peripheral oxygenation can be 
measured e.g. according to SUNDER-PLASSMANN [Anglology, 32, 
686-698 (1981)1 and HAUSS [in "Oxyg. Transp. tissue In Experimental 
Biology and Medicine", Silver Ed. 1978 . 419-422]. A p02 mean can be 
calculated after oral administration and compared between control 
and treated series of rats. A comparison of pOz can be realised 
between pretreatment and posttreatment values for the intravenous 
administration • 

6) Inhibition of the 5-lipoxygenase pathway 

The Inhibition of the S-lipoxygenase can be e.g. demonstrated 
according to KUHL et al. [Prostaglandins 28, 783-804 (1984)1. 
Porcine peripheral blood leucocytes are used In order to test the 
effect of the compounds of the invention. These effects are studied 
by adding solutions of the compounds to be tested of 0.1 to 1000 |iM. 
~ IC50 values (concentration of the compound which Inhibits 50 % of 
the 5-llpoxygenatlon) can be calculated In order to evaluate and 
compare the activity of the compounds. The IC50 values are lying, 
for the compounds of the Invention, approximately between 0.35 and 
200 pM or above. 

7) Inhibition f the 12-llp xygenase pathway 

The inhibitory effect of the compounds f the inv ntion related to 
the 12-llpoxyg nase activity can be e.g. demonstrated according to 
KUHL et al. [Prostaglandins 28, 783-804 (1984) J. 



Porcine p rlpheral blood leucocytes are us d for compounds evalua- 
tion. Solutions of the compounds to be tested are added with a final 
c ncentration of 0.1 to 1000 |iM. Results are expressed as IC50 
values (concentration of the compound which inhibits 50 % of the 
12-lipoxygenation). For the compounds of the invention, IC50 values 
are lying approximately between 1 and 200 iiM or above. 

8) Antioxvdat ive activity 

The antioxydative activity can be e.g. demonstrated using the active 
oxygen method (ACM) according to WHEELER, Oil and Soap 9, 89 (1932). 
Stripped lard is used for estimation of the oxydative capacity of 
the compounds. A temperature stimuli (60*C for three days) is 
applied before titration with NajSzOa. The effect of the compounds 
on antioxydation activity is studied by adding a solution of the 
compound to be tested of 25 to 500 ppm (equivalent of 25 pg of 
compound/2 g lard to 500 \ig of compound/2 g lard). Results are 
expressed as IC50 values (concentration of the compound inhibiting 
50 % of the oxydation reaction). For the compounds of the invention, 
IC50 values are lying approximately in the range of 0.06 to 2.30 jiM 
or above. 

Preferred are the isoflavans of the formula I, wherein the group OR 
represents hydroxy, lower alkoxy or lower alkano: loxy; one of the 
radicals R* and R" represents hydroxy, lower alkoxy, lower alkanoyl- 
oxy or lower alkyl and the other one is hydrogen; or the croups OR 
and R* together form a bivalent methylenedioxy radical which is 
unsubstituted or substituted by lower alkyl and/or phenyl, and R" is 
hydrogen; or the groups OR and R" together form a bivalent me thy 1- 
enedioxy radical which is unsubstituted or substituted by lower 
alkyl and/or phenyl, and R* is hydrogen; and the ring B is unsub- 
stituted or substituted by lower alkyl, lower alkanoyloxy, halogen, 
amino, lower alkylamino, di-lower alkylamlno, phenylamino, lower 
alkanoylamin , benz ylamin ; low r alkylsulfonylamino, phenylsulfon- 
ylanino; low r alkanoyl, b nzoyl, carboxy, lower alkoxycarbonyl , 
carbamoyl, N-1 wer alkylcarbam yl, H,N-di-lower alkylcarbamoyl , 
cyano, lower alkylsulfonyl; phenylsulf nyl; lower alkyl which is 



substitut d by hal gen, carboxy or lower alkoxycarbonyl ; lower 
alkoxy which Is substituted by carboxy r lower alkoxycarbonyl; or 
bivalent methylenedioxy ; 

or wherein the ring B is monosubstituted by hydroxy or methoxy,, r 
provided that R' is other than hydroxy, methoxy or ethoxy, if the 
group OR represents hydroxy, methoxy or ethoxy; 

or wherein the ring B is disubstituted by methoxy, provided in case 
of 2* ,4*-dimethoxy substitution that R' and R" are other than 
methoxy, if the group OR represents methoxy; 

with the proviso that the ring B must be substituted, if R* is 
hydroxy and the group OR represents hydroxy or methoxy; 
and phannaceutlcally acceptable salts thereof. 

Particularly preferred are^ the isof lavans of the formula I , wherein 
the group OR represents hydroxy » lower alkoxy or lower alkanoyloxy; 
one of the radicals R* and R" represents hydroxy, lower alkoxy, 
lower alkanoyloxy or lower alkyl and th? other one is hydrogen; or 
the groups OR and R' together form a bivalent methylenedioxy radical 
which is unsubstituted or disubstituted by phenyl, and R** is 
hydrogen; or the groups OR and R'* together form a bivalont methyl* 
enedioxy radical which is unsubstituted or disubstituted by phenyl, 
and R* is hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, lower alkanoyl- 
amino, phenylsulfonylamino; carboxy, lower alkoxycarbonyl, car- 
bamoyl, lower alkylsulfonyl; lower alkyl which is substituted by 
halogen or carboxy; lower alkoxy which is substituted by carboxy or 
lower alkoxycarbonyl; or bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy or methoxy, 
provided that R* is other than hydroxy, methoxy or ethoxy, if the 
group OR represents hydroxy, methoxy or ethoxy; 

or wher in the ring B is disubstituted by methoxy, pr vided in case 
of 2* ,4'-dimethoxy substitution that R" and R" ar other than 
methoxy, if the group OR represents methoxy; 
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with the provls that the ring B must be substituted, if R' is 
hydr xy and the group OR repr sents hydroxy or methoxy; 
and pharmaceutical iy acceptable salts thereof. 

Especially preferred are the isoflavans of the formula I, wherr In 
the group OR represents hydroxy; lower alkoxy or lower alkanoyloxy; 
one of the radicals R' and R" represents hydroxy, lower alkoxy, 
lower alkanoyloxy o.- lower alkyl and the other oi.e is hydrogen; or 
the groups OR and R' together form a bivalent methyl enedioxy radical 
which is unsubstituted or disubstituted by phenyl, and R" is 
hydrogen; or the groups OR and R" together form a bivalent methyl- 
enedioxy radical which is unsubstituted or disubstituted by phenyl, 
and R* is hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, lower alkylamino, 
di-lower alkylamino, or lower alkoxy which is substituted by 
carboxy or lower alkoxycarbonyl ; or ring B is 3,4-dimethoxy-sub- 
stituted; 

with the proviso that the ring B must be substituted, if R' Is 
hydroxy and the group OR represents hydroxy cr mechoxy; 
and pharaaceutically acceptable salts thereof. 

Subgroups of the compounds of the invention are represented by 

(a) the compounds of the formula I which are 7,8-disubstituted, i.e. 
wherein R' represents hydrogen; 

(b) the compounds of the formula I which are 6,7-disubstituted. i.e. 
wherein R" represents hydrogen; and 

(c) the compounds of the formula I wherein the ring B is substituted 
as defined above with the exclusion of all hydroxy, lower alkoxy 
and methylenedloxy substltuents (but is not unsubstituted). 

In particular preferred are the compounds of formula I, wherein the 
ring B is unsubstituted, monosubstituted in 3- or 4-posltion by one 
of the substltuents mention d or disubstitut d in 3- and 4-position 
by meth xy. Especially preferr d are the compounds f the formula I, 
wh rein th ring B is monosubstituted in *»-position. 



Above all are preferred the compounds of f rmula I described in the 
examples and pharmaceutical ly acceptable salts thereof. 



The compounds of the formula I can be produced by processes known 
per se, e.g. 

a) by reducing a compound of the formula II 

f 

"•V ^\ A 

I 5 H (H) 

^2 » B fl 

wherein the group CX1X2 represents a carbonyl group and the dotted 
line represents a bond or no bond, or wherein CXiXz represents a 
hydroxymethylene group and the dotted line represents no bond, and 
OR, R', R" and ring B are as defined under formula I or represent 
radicals which are convertible to the groups OR, R', R" and/or 
ring B as defined under formula I by reduction, optionally with 
simultaneous reduction occurring within the groups OR, R', R" and/or 
ring B, or 

b) by reducing a compound of the formula III 

r 

^\ ^\ y\ 

I 'J J, (III). 

K^^ \^ \^ \ /\ 
I B II 

wherein OR, R* , R" and ring B are as defined under formula I or 
represent radicals which are convertible to the groups OR, R* , R" 
and/or ring B as defined under formula I by reduction, optionally 
with simultaneous reduction occurring within the groups OR, R* , R" 
and/or ring B, or 



c) by reducing a compound of the formula IV 

i !! • (IV). 

I B II 

wherein OR, R' , R'* and ring B are as defined under formula I or 
represent radicals which are convertible to the groups OR, R' , R" 
and/or ring B as defined under formula I by reduction, and X® is an 
anion, optionally with simultaneous reduction occurring within the 
groups OR, R', R" and/or ring B, or 

d) by reducing a compound of the formula V 

■"^ ^\ /K 

I II I (V) 

R • • X ^ \ 

I B II 

wherein the group NR1R2 represents a tertiary amino group and OR, 
R* , R" and ring B are as defined under formula I or represent 
radicals which are convertible to the groups OR, R' , R" and/or 
ring B as defined under formula I by reduction, optionally with 
simultaneous reduction occurring within the groups OR, R' , R" and/or 
ring B; 

and/or, if desired, converting a resulting compound of formula I 
into another compound of formula I, and/or converting a resulting 
salt into the free compound or into another salt, and/or converting 
a resulting free comipound of the formula I having salt-forming 
properties into a salt, and/or separating a resulting mixture of 
stereoisomers or optical Isomers, such as a diastereoisomeric 
mixture, into the individual stereoisomers, optical is mers r 

nantiomeric mixtures, reap ctively, and/or splitting enantiomeric 
mixtures, such as a racemate, into the optical isomerp. 



- 12 - 



Process a); The r duction can be accomplished e.g. with hydr gen in 
th presence of a hydrogenatlon catalyst, pref rably Pd/C, and also 

.g. platinum or platinum dioxide, optionally in the presence of a 
promoter, e.g. an acid, such as an inorganic acid, e.g. H2SO1,, HCl 

r HClOi,, an organic carboxyllc acid, e.g. acetic acid or trifluoro- 
acetlc acid, or an organic sulfonic acid. e.g. phenyl sulfonic acid, 
p-toluenesulfonic acid or methanesulfonic acid, optionally in the 
presence of an inert aprotic or protic solvent, or mixtures thereof, 
and at a hydrogen pressure of 1 to 50 bar [cp. Szabo et al.. Acta 
Chim. Acad. Sci. Hung. 90, 381 (1976); Bull. Chem. Soc. Japan 37, 
601. 606 (1964); Aust. J. Chem. 31. 45S (1978); Tetrahedron Lett. 
1973 . 1659). 

Another possibility to reduce the compounds of formula II wherein 
CXiXz represents carbonyl and the dotted line is a bond, the 
isoflavone intermediates of formula I la. 



r 

/\ /K 

I It a 

ft I B II 



(Ila) 



wherein OR, R' , R- and ring B are as defined under formula I. is 
given by the Clemmensen reduction, i.e. with amalgamated zinc, 
concentrated HCl and optionally e.g. acetic acid (cp. Bull. Chem. 
Soc. Japan 32, 601, 606 (1964)]. 



The isoflavones of formula Ila can be produced by processes known 
p r se, e.g. by 
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1) reacting a compound of formula VI 



f 



^\ 



(VI) 



wherein OR, R* , R" and ring B are as defined under formula I» with a 
derivative of formic acid under cyclization conditions, or 

2) reacting a compound of formula VIII 



f 



^\ /°» 

R./ Y 



(VIII) 



wherein OR, R* , R" and ring B are as defined under formula I, with 
an agent suitable for forming the isoflavone by oxidative 
rearrangement »nd cyclization. 

Process 1: The reaction consists of the condensation of the acti- 
vated CHa group of the compound of formula VI with a derivative of 
formic acid followed by cyclization. Useful formic acid derivatives 
are e.g. dimethylformamide, triethyl orthoformate or ethyl formate. 
Cyclization agents that can be used are e.g. methanesulfonyl 
chloride/boron trifluoride etherate 

(cp. J.C.S. Chem. Comm. 1976 , 78), POCI3 '-n. C.A. 81, 
135890h (1974) and C.A. 81 » 25496b (1974)], pyridine and piperidine 
(cp. Indian J. Chem. 15B, 238 (1977); C.A. 82, 22970q (1977)1, HClOi. 
(cp. J. Chem. Res. (S) 1978 , 47] or sodium 

(cp. Bull. Chem. Soc. Jap. ^3, 831 (1980); Indian J. Chem. 6, 
485 (1968)1. 



The interm diates of formula VI can be prepared e.g. by r acting a 
phenol of formula XII 
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(XII), 



wherein OR, R' and R" are as defined under formula I, with a 



ph<»nylacetic acid derivative =^f the formula XIII 




wherein Z preferably is cyano or halocarbonyl, especially -COCl, and 
the ring B is as defined under formula I, in the presence of a Lewis 
acid catalyst, e.g. a metal halide, such as ZnCla* AICI3 or FeCla, 



ively [cp. Merck Index, 10th Edition, ONR 46 and 33]. 

Another possibility to obtain the compounds of formula VI is 
e.g. the Fries rearrangement [cp. Merck Index, 10th Edition, ONR 33] 
which comprises the reaction of a compound of formula XII as defined 
above with a compound of formula XIII, wherein Z represents halo* 
carbonyl, in the absence of any Lewis acid catalyst resulting in the 
corresponding phenolic ester which rearranges under treatment with 
one of the Lewis acid catalysts mentioned above to the ortho-pheno* 
lie ketones of formula VI. 

The novel isoflavones of the formula Ila 



in a Houben-Hoesch or Friedel-Craf ts acylation reaction, respect-* 



r 

■"^ ^\ y\ 



(Ila) 
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wherein OR, R* , R" and ring B are as defined und r formula I, are 
valuable intermediates for the preparation of the therapeutically 
active isof lavans of the formula .1 and thus form another embodiment 
of the present invention. 

Especially preferred as intermediates are the novel isoflavones of 
the formula Ila described in the examples. 

Process 2; The cyclization is achieved either in the presence of 
thallium(III) salts, e.g. T1(N03)3 or Tl(acetate)3 (cp. J. Chem. 
Soc. Perkin Tr. 1 1974 . 305; J. Chem. Soc. (C) 1970, 125 or 
Gazz. Chim. Ital. U2, 289 (1982)) or e.g. with the aid of hydrazoic 
acid Icp. Ann. 1st. Super. Sanita (1973), 9, Pt. 2-3. 174-175J. The 
starting materials of formula VIII can be prepared e.g. by conden- 
sation of the corresponding ortho-hydroxy-acetophenone with an 
ptionally substituted benzaldehyde e.g. in the presence of a base, 
such as NaOH or KOH. 

The compounds of the formula II, wherein CXxXz represents carbonyl 
and the dotted line is no bond, the isoflavanone intermediates of 
formula lib. 



R\ ^\ /\ 

I 11 I (lib), 

»./ ^ / \ ./ \^ \ 
* U I B II 

can be prepared e.g. by selectively reducing the double bond in an 
isoflavone intermediate of the formula I la, e.g. with hydrogen and a 
Pd/C catalyst in the presence of a tertiary amine, e.g. trlethyl- 
amine; or with Hz^^Pd/C in dloxane, or with Hz^Pd/C in an aqueous 
ethanolic buffer pH 9-10 Icp. Szabo et al.. Acta Chlm. Acad. Scl. 
Hung. 90. 381 (1976) J. 



6 
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The compounds of formula II, wherein CXiXz represents hydroxy- 
methylene and the dotted line is no bond, the isoflavanol inter- 
mediates of formula lie, 

r 

'^^x /n. A. 

I fl 1 (lie) 

HOT yi IB II 

can be prepared e.g. by selectively reducing an isoflavone of 
formula Ila or an isoflavanone of formula lib, e.g. with hydrogen 
and Raney nickel; or with Hz^d/C in ethanol, or with Hz^Pd/C in an 
aqueous ethanolic buffer pH 3-9 [cp. Szabo et al., loc. cit.). 

Process fr) : The reduction according to process b) is accomplished 
e.g. by applying the same reduction means as listed above for 
process a), preferably by the use of Hj^Pd/C. The starting materials 
of formula III can be prepared e.g. by selective reduction of the 
carbonyl group in a corresponding coumarine, e.g. with KBHi, tcp. 
Tetrahedron Lett. 24, 3993 (1983)1. Another possibility is given by 
reacting a compound of formula IIc first with an acetylating agent, 
e.g. acetic acid, and then eliminating acetic acid [cp. Bull. Chem. 
Soc. Jap. 37. 606 (1964)1. 

Process c) : The anion X® can be ei-g. the anion of any strong 
inorganic or organic acid, e.g. halide. such as chloride. The 
reduction according to process c) can be performed e.g. by applying 
the same reduction means as listed above for process a), preferably 
by the use of Ha/Pt^^d/C. The starting isoflavylium salts of 
formula IV can be obtained e.g. by reaction of a compound of 
formula XII with an optiot ally substituted 2-phenylmalondl aldehyde 
under acidic conditions, e.g. in th presence of HCl (cp. Austr. 
J. Chem. M, 2647 (1981)1. 
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Pr cess d) : The group NR1R2 represents preferably N,N-dl-l wer 
alkylamlno^ N-plperldlno , N-plperazino and especially N-morph lino. 
Th reduction according to pr cess d) is accomplish d .g. by 
applying the same reduction means as listed above for process a) , 
preferably Hz^Pd/C. The starting materials of formula V can be 
prepared e.g. by reacting a corresponding salicylaldehyde with an 

ptionally substituted 2-tert. aminostyrene under heating [cp. 
J* Chem. Soc. Perkin Trans. 1 1982 . 11931. 

If any intermediates mentioned contain interfering reactive groups » 

•g. carboxy» hydroxy ^ amino or mercapto groups , such may advan- 
tageously be temporarily protected at any stage with easily re- 
movable protecting groups. The choice of protecting groups for a 
particular reaction depends on several factors, e.g. the nature of 
the functional group to be protected, the structure and stability of 
the molecule of which the substituent is the functional group, and 
the reaction conditions. Protecting groups that meet these condi- 
tions and their introduction and removal are known to the art and 
are described^ for example, in J.F.W. McOmie, "Protective Groups in 
Organic Chemistry**, Plenum Press » London, New York 1973. 

Depending upon the reaction conditions, the compounds of formula I 
are either obtained in the free form, or as a salt thereof. Any 
resulting base can be converted into a corresponding acid addition 
salt, preferably with the use of a therapeutically useful acid or an 
anion exchange preparation, or resulting salts can be converted into 
the corresponding free bases, for example, with the use of a 
stronger base, such as a metal or ammonium hydroxide or a basic 
salt, e.g. an alkali metal hydroxide or carbonate, or a cation 

xchange preparation. On the other hand, compounds of formula I 
containing acidic groups, e.g. carboxy or a phenolic hydroxy group, 
can be converted int salts in a manner known per se by treating 
with a base 9 e,g. an alkali metal hydroxide or alkoxide, an alkali 
metal or alkaline-earth metal salt, .g. sodium hydrogen carb nate, 
ammonia or a suitable rganic amine. Th free comp ur le can be 
obtained by treating such salts with an acid. In vi jf the close 
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relatl nship between the free compounds and the compounds in the 
form of their salts, whenever a compound is referred to in this 
context » a corresponding salt is also intended » provided such is 
possible or appropriate under the circumstances. 

The compounds of formula I contain at least one asymmetric carbon 
atom in position 3 and can be found as R* or S-enantiomers as well 
as enantiomeric mixtures thereof, such as a racemate. The present 
invention is intended to include all these fo.^^s, also those further 
isomers, and mi.:tures of at least two isomers, for example a 
diastereoisomeric mixture or enantiomeric mixture, which become 
possible if one or more further asymmetric center(s) are present 
within the molecule. 

Any resulting mixtures of diastereoisomers, mixtures of racemates or 
geometric isomers can be separated on the basis of the physico- 
chemical differences of the constituents, in known manner, into 
single diastereoisomers, racemates, or geometric isomers, for 
example by chromatography and/or fractional crystallisation. 

Any resulting enantiomeric mixtures, such as racemates, can be 
resolved into the optical isomers (antipodes) by known methods, for 
example by recrystallisation from an optically active solvent, or 
with the aid of microorganisms, or by e.g. reacting an acidic end 
product with an optically active base that forms salts with the 
racemic acid, and separating the salts obtained in this manner, for 
example by fractional crystallization, into the diastereoisomeric 
salts from which the optically active carboxylic acid antipodes can 
be liberated on acidification. 

The above-mentioned reactions are carried out according to standard 
methods, in the presence or absenc of diluents, preferably such as 
are in rt to the reagents and are s Ivents thereof, of catalysts, 
cond nsing or said oth r agents r spectively and/or inert atmos- 
pheres, at low temperatures, room temperatur or levat d tempera- 
tures, e.g. in a temperature rang from -20** t +200**C, preferably 
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between room temperature and the boiling point of the solvents used, 
and at atmospheric or super-atmospheric pressure. The preferred 
solvents, catalysts and reaction conditions are set forth in the 
appended illustrative examples. 

The compounds, including their salts, can also be obtained in the 
form of their hydrates, or include other solvents used for their 
crystallization. 

The invention further includes any variant of the present processes, 
in which an intermediate product obtainable at any stage thereof is 
used as starting material and the remaining steps are carried out, 
or the process is discontinued at any stage therof , or in which a 
starting material is formed under the reaction conditions, or in 
which a react:ion component xs used in the form of a salt or an 
optically pure antipode. Mainly those starting materials should be 
used in said reactions, that lead to the formation of those com- 
pounds indicated above as being especially useful. The invention 
also relates to novel starting materials and processes for their 
manufacture. 

The pharmacologically acceptable compounds of the present invertion 
can be used e.g. for the manufacture of pharmaceutical preparations 
that contain an effective amount of the active ingredient alone or 
together with Inorganic or organic, solid or liquid, pharraaceuti- 
cally acceptable carriers. The pharmaceutical preparations are 
e.g. for enteral, such as oral or rectal, topical, transdermal and 
parenteral, ruch as intraperitoneal, intramuscular or intravenous, . 
administration to warm-blooded animals including humans. 

For oral administration there are used e.g. tablets or gelatine 
capsules that contain the active ingredient together with diluents, 
e.g. lactose, dextrose, sucrose, mannltol, s rbitol ard/or cellu- 
lose, and lubricants, e.g. silica, talc, stearic acid or salts 
thereof, such as magnesium or calcium st arate, and/or polyethylene 
glycol; tablets also contain bind rs, .g. starches, such as maize. 
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wheat, rice or arrowroot starch, gelatine, tragacanth. -.ethyl- 
cellulose, sodium carboxjnnethylcellulose and/or polyvinylpyrroli- 
done and. if desired, disintegrators, e.g. starches, agar, alginic 
acid or a salt thereof, such as sodium alginate, and/or e.g. effer- 
vescent mixtures, adsorbents, colourings, flavourings or sweeteners. 

For parenteral admininistration there are suitable especially 
infusion solutions, preferably isotonic aqueous solutions or 
suspensions, it being possible to prepare these before use. 
e.g. from lyophilised preparations that contain the active ingre- 
dient alone or together with a carrier, e.g. mannitol. Such prepara- 
tions may be sterilised and/or contain adjuncts, for example preser- 
vatives, stabilisers, wetting agents and/or emulsifiers. solu- 
bilisers. salts for regulating the osmotic pressure and/or buffers. 

For topical and transdermal administration preferably hydrogels. 
emulsions, such as creams and ointments, and microemulsions such as 
isotropic transparent emulsion gels are used. Such preparations 
contain the active ingredient together with e.g. preservatives, 
stabilizers, thickening agents, emulsifiers. oils, solubilizers and 
penetration enhancers. 

The present pharmaceutical preparations, which, if desired, may 
contain other pharmacologically active substances, are manufactured 
in a manner known per se. e.g. by means of conventional mixxng. 
granulating, tabletting. fll« coating, dissolving, confectioning or 
lyophllising processes, and contain from approximately 0.1 to 100 %. 
especially from approximately 1 to approximately 50 % or. in the 
case of lyophillsates. up to 100 of the active ingredient. 

Depending upon the type of disorder, the individual condition of the 
organism and the mode of administration, the dally dose to be 
administered for th treatm nt of a warm-blood d animal (human or 
animal) weighing approximately 70 kg Is from approximately 0.05 g to 
approximately 4 g. 
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The following Examples a) to f) are Intend d to illustrat the 
manufacture of some typical forms of administration, but do not in 
any way represent the only embodiments of those forms of administra- 
tion. 

a) 250 g of active substance are mixed with 550 g of lactose, 100 g 
of microcrystalline cellulose and 100 g of maize starch, and the 
mixture is moistened with an aqueous paste of 100 g maize starch, 
and granulated by being passed through a sieve. After drying, 60 g 
of talc, 10 g of magnesium stearate and 20 g of colloidal silica are 
added and the mixture is pressed to form 10,000 tablets each 
weighing 119 mg and each containing 25 mg of active substance, which 
may, if desired, be provided with dividing notches for a finer 
adjustment of the dosage. 

b) A granulate Is prepared from 100 g of active substance, 600 g of 
lactose, 300 g of cellulose, 200 g of maize starch and an aqueous 
paste of 120 g of maize starch. After drying, it is mixed with 30 g 
of colloidal silica, 90 g of talc and 15 g of magnesium stearate and 
processed so as to form 10,000 film coating cores. These are 
subsequently coated with an aqueous suspension of 20 g low substi- 
tuted hydroxypropylmethylcellulose, 15 g of talc and 10 g of 
titanium dioxide and dried. The resulting film coated tablets each 
weigh 150 mg and contain 10 mg of active substance. 

c) A sterile solution of 5.0 g of the active substance In 5000 ml of 
distilled water is introduced into 5 ml ampoules, the ampoules 
containing 5 mg of active ingredient in 5 ml of solution. 

d) 25 g of active substance and 1975 g of finely ground suppository 
base (for example, cocoa butter) are thoroughly mixed and then 
melted. 1000 suppositories f 2 g are cast from the melt which has 
b n kept homogenous by stirring. They each contain 25 mg of active 
substance. 
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e) 25 g of active substance and 120 g of granular lactose, 
e.g. Tablettose , 95 g of microcrystallin cellulose, e.g. Avl- 
eel* PH-102, 7 g of colloidal silicagel and 3 g of magnesiutn 
stearate are Intimately mixed. The resulting powder Is then sieved 
and filled in 250 mg portions into 1,000 gelatine capsules. 

f) 400 g of active substance are dispersed in 24 1 of distilled 
water with the addition of 70 g of a preservative, e.g. methyl- 
paraben, and 530 g of a thickening agent, e.g. carbomer 940, and the 
corresponding amount of IN sodium hydroxide solution. 6000 g of 
petrolatum are mixed with 6000 g of a fatty alcohol, e.g. stearyl 
alcohol, with the addition of 3000 g of an emulsifler, e.g. polyoxy- 
ethylene sorbltan monolaurate. Both oil and water phase are heated 
separately to 70*C and then mixed together. After homogenisation and 
cooling, 1000 tubes are filled with 40 g of 0/W ointment each. 

The following examples are intended to Illustrate the invention and 
are not to be construed as being limitations thereon. Temperatures 
are given in degrees Centigrade. In examples 1-7, the preparation of 
o-hydroxyphenyl-benzyl-ketone starting materials of the formula VI 
is described. Examples 8-17 show the preparation of isoflavone 
intermediates of the formula I la. In examples 18-35, the preparation 
of isoflavans of the formula I is described. Examples 36-71 show the 
preparation of isoflavans of the formula I including the respective 
starting materials and intermediates. 

Example 1 ; 1 ,2,4-Trihydroxybenzene (40.3 g) is suspended in dry 
diethylether (250 ml) containing dry ZnClz (38.2 g) and 4-methyl- 
phenylacetonitrile (49.8 g) . The suspension is then exposed for 6 h 
at 0* to a gentle stream of dry HCl, the gas bubbling through the 
suspension under continuous stirring. Then the reaction mixture is 
kept for 50 h at 4^ and ther after the supernatant is decanted from 
heavy oil which is separated. The oil is washed twice with diethyl- 
ether, then with water (1 1), and cone. HCl (20 ml) are added and 
the mixture is boiled for 1 h under reflux. After c oling t room 
temperature, the mlxtur is extracted with diethylether 
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(3 X 250 ml). The combined ther solutions are extracted with 
NaOH 2N solutions (3 x 100 ml). The alkali extract is acidified with 
r.onc. HCl and the mixture co led on ice. The crude product is 
filtered off and recrystalllzed from methanol / water. The product 
is dried in vacuo to constant weight to yield 2.4,5-trihydroxy- 
phenyl-4'-methylben2ylketone, m.p. 173'. 

Example 2 ; As example 1, but using pyrogallol (39.1 g) instead of 
1.2,4-trihydroxybenzene, 52.5 g of 4-methylphenylacetonitrile and 
41.0 g of ZnClz. The suspension is exposed for 10 h at 0* to a 
stream of HCl. 2,3.4-Trihydroxyphenyl-4'-methylben2ylketone is 

obtained, m.p. 148*. 

Example 3 ; As example 1, but using 2. 6-dihydroxy toluene (24.8 g) 
instead of 1 ,2,4-tTihydroxybenzene, 27.5 g of methylphenylaceto- 
nltrile and AICI3 (26^7 g) instead of ZnCla. The suspension is 
exposed for 16 h at 0* to a stream of HCl. After cooling the 
reaction mixture to room temperature, it is extracted with chloro- 
form instead of diethylether. After evaporating the chloroform 
extract to a small volume, the crystals of the product are obtained. 
After drying 2.4-dihydroxy-3-methylphenyl-4'-methylben2ylketone is 

obtained; m.p. 154*. 

Example 4 : As example 1, but using 2 , 6-dihydro :y toluene (49.6 g) 
instead of 1 .2.4-trihydroxyben2ene, 3,4-dimethoxyphenylacetonitrile 
(70.9 g) instead of 4-methylphenylacetonitrile and 47.7 g of ZnClz. 
The suspension is exposed for 6 h at 0* to a stream of HCl. 2.4-Di- 
hydroxy-3-methylphenyl-3'.4'-dimethoxybenzylketone is obtained; 

m.p. 168-170*. 

Example 5 : As example 1, but using 2 . 6-dihydroxytoluene (44.7 g) 
instead of 1,2,4-trihydroxybenz ne, 4-chlorophenylacetonitrile 
(54.6 g) instead of 4-me thy ipheny lace tonit rile and 47.7 g of ZnClj. 
The suspension is exposed for 12 h at 0* to a stream of HCl. 
2,4-Dihydroxy-3-methylph nyl-4*-chlor benzylketone is obtained; 

m.p. 167*. 
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Example 6 : As example 1, but using 45.4 g of 1 ,2,4-trlhydroxy- 
benzene, 4-chlorophenylacetonitrile (56.1 g) instead of 4-methyl- 
phenylacetonitrile and AICI3 (44.7 g) instead of ZnCla- The suspen- 
sion Is exposed for 12 h at 0** to a stream of HCl. The crude 
substance is purified by column chromatography (silica gel; chloro- 
form). 2,4,5-Trihydroxyphenyl-4'-chloroben2ylketone is obtained; 
m.p. 170*. 

Example 7 : As example 1, but using 2 ,6-dihydroxy toluene (14.9 g) 
instead of 1 ,2,4-trihydroxyben2ene, 4-nitrophenylacetonitrile 
(19.5 g) Instead of 4-methylphenylacetonitrile and AICI3 (13.3 g) 
instead of ZnClz. The suspension is exposed for 12 h at 0** to a 
stream of HCl. 2,4-Dihydroxy-3-methylphenyL-4*-nitrobenzylketone is 
obtained; m.p. 190-192*". 

Example 8 : 2,4,5-Trihydroxyphenyl-4'-methylbenzylketone (3.9 g) is 
dissolved in dry dimethylformamide (50 ml). To this solution is 
added dropwise borontrif luoride-diethyletherate (7.4 g); the 
reaction is exothermic. After adjusting the temperature to 50^, a 
solution of methanesulfonylchloride (5.2 g) in dry dimethylform- 
amide (25 ml) is added dropwise. This mixture is heated at 90 - 100 
for 2 h, cooled to room temperature and poured into water (500 ml) 
while stirring. The separated product is filtered off, washed with 
water and recrystallized from methanol. The product is dried in 
vacuo to constant weight to yield 6,7-dihydroxy-3-(4-methylphenyl)-^ 
4H-l-ben20pyran-4-one; m.p. 280*. 

Example 9 ; As example 8, but using 2,3,4-trihydroxyphenyl-4'-methyl- 
benzylketone instead of 2,4,5-trihydroxyphenyl-4'-methylben2yl- 
ketone . 7 , 8-Dihydroxy-3-( 4-methylphenyl)-4H-l-benzopyran-4-one is 
obtained; m.p. 225^. 



Ex22Ele_lO: As example 8. but using 2.4-dihydroxy-3-methylphenyl-4'- 
methylbenzylketone instead of 2.4.5-trihydroxyphenyl-4'-methylben- 
zylketone. 7-Hydroxy-8-«ethyl-3-(4-methylphenyl)-4H-l-benzopycan- 
4-one is obtained; n.p. 264-267*. 

Example 11 : As example 8. but using 2.4-dihydroxy-3-n,ethylphenyl-A'- 
methoxybenzylketone [J. Indian Chem. See. 39. 301 (1962)] instead of 
2 ,4. 5-trihydroxyphenyl-4' -methylbenzylketone . 7-Hydroxy-8-methyl-3- 
(4-methoxyphenyl)-4H-l-benzopyran-4-one ir obtained; m.p. 235*. 

Example 12 : As example 8. but using 2.4-dihydroxy-3-methylphenyl- 
3«,4'-dimethoxybenzylketone instead of 2.4,5-trihydroxyphenyl-4'- 
methylbenzy Ike tone. 7-Hydroxy-8-methyl-3-(3,4-dimethoxyphenyl)-4H- 
l-benzopyran-4-one is obtained; m.p. 234°. 

Example 13 : As example 8, but using 2,4-dihydroxy-3-methylphenyl-4'- 
chlorobenzylketone instead of 2, 4. 5-trihydroxyphenyl-4' -methyl- 
benzylketone. 7-Hydroxy-8-methyl-3-(4-chlorophenyl)-4H-l-benzopyran- 

4-one is obtained; n.p. 275*. 

Example 14 : As example 8. but using 2.4,5-trihydroxyphenyl-4'- 
chlorobenzylketone instead of 2, 4. 5-trihydroxyphenyl-4» -methyl- 
benzylketone. 6.7-Dlhydroxy-3-(4-chlorophenyl)-4H-l-benzopyran-4-one 

is obtained; n.p. 299*. 

Example 15 : As example 8. but using 2.4-dihydroxy-3-methylphenyl-4'- 
nitrobenzylketone instead of 2. 4. 5-trthydroxyphenyl-4' -methylbenzyl- 
ketone . 7-Hydroxy-8-methyl-3-(4-nitrophenyl)-4H-l-benzopyran-4-one 

is obtained; m.p. 345*. 

Example 16 : 7-Hydroxy-8-methyl-3-(3,4-dimethoxyphenyl)-4H-l-benzo- 
pyran-4-one [see example 12] (3.12 g) is dissolved in dimethyl- 
formamide (15 ml) and K2CO3 (3.5 g) is added to the solution. While 
stirring, epibromhydrine (2.47 g) is dropped into the mixture. 
After heating for 5 h at 60*. the content of the reaction flask is 
poured into water (500 ml) and the precipitated product is filt r d 
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off and recrystallized from ethanol. The product Is dried in vacuo 
to constant weight to yield 7-(2,3-epoxypropoxy)-8-methyl-3-( 3,4- 
di1nethoxyphenyl)-4H-l-benzopyran-4-one, m.p. 214*. 

Example 17; 6,7-Methylenedioxy-3-(4-hydroxyphenyl)-4H-l-ben2opyran- 
4-one (cp. Nippon Kagaku Zasshi 85, 793 (1964), Agr. Biol. Chem. 
(Tokyo) 32, 740 (1968) and Angew. Chem. 93, 129 (1981)] (2.0 g) is 
dissolved in dimethyl formamide (15 ml) and K2CO3 (2.8 g) is added to 
the solution. While stirring, 2-bromoethylbutyrate (2.7 g) is 
dropped into the mixture. The content of the reaction flask is 
refluxed for 30 min. After cooling, water (50 ml) is added and the 
mixture is extracted with chloroform (3 x 30 ml), the extract washed 
with water (3 x 15 ml) and dried over HazSO,,. Chloroform is removed 
under reduced pressure and the residue is recrystallized from 
methanol. The product is dried in vacuo to constant weight to yield 
6 , 7-methylenedloxy-3-[ 4-( l-ethoxycarbonyl-l-propyloxy)-phenyl J-4H- 
l-benzopyran-4-one, m.p. 119-121". 

Example 18; 6, 7-Dihydroxy-3-( 3,4-dimethoxyphenyl)-4H-l-benzopyran-4- 
one [Indian J. Chem. Sect. B 19B, 82 (1980) and Indian J. Chem. 
Sect. B 15B, 1049 (1977)] (25 g) in a mixture of dioxane and ethanol 
1:1 (1250 ml) is hydrogenated for 8 days at normal pressure and room 
temperature over palladium 10 % on active charcoal (2.5 g) in the 
presence of concentrated H2SO1, (2.5 ml). After filtration of the 
catalyst, the filtrate is evaporated under reduced pressure to a 
volume of about 50 ml and diluted with water till turbidity appears. 
After cooling the solution, a solid precipitates. It is filtered off 
and recrystallized from ethanol. The product is dried in vacuo to 
constant weight to yield 3,4-dlhydro-6.7-dihydroxy-3-(3,4-dimethoxy- 
phenyl)-2H-l-benzopyran, m.p. 153*. 

Example 19: As example 18, with the same proportions of chemicals, 
but using 6, 7-dlhydroxy-3-(4-methylphenyl)-4H-l-benzopyran-4-one 
(16 g) instead of 6,7-dihydroxy-3-(3,4-dimethoxyph nyl)-4H-l-benzo- 
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pyran-4-one. Th^ substance is hydrogenated for 24 h. 3,4-Dihydro- 
6,7-dihydroxy-3-(4-meLnylphenyl)-2H-l-bcn2 pyran is obtained; 

m.p* 166*» 

Exas£le_2g: As example 18, with the same proportions of chemicals, 
but using 6,7-methylenedioxy-3-(4-methoxyphenyl)-4H-l-benzopyran- 

4-one iNippon Kagaku Zasshi 85. 793 (1964)1 (17 g) instead of 
6 7-dihydroxy-3-(3,4-dimethoxyphenyl)-4H-l-ben2opyran-4-one. The 
substance Is hydrogenated for 2 days. 3.4-Dihydro-6,7-methylene- 
dioxy-3-(4-methoxyphenyl)-2H-l-benzopyran is obtained; m.p. 131". 

Exa552le^- As example 18. with the same proportions of chemicals, 
but using 7.8-dihydroxy-3-(4-methoxyphenyl)-4H-l-benzopyran-4-one 

IJ. Sci. Ind. Research (India) 20B. 334 (1961)1(5 g) instead of 
6 7-dihydroxy-3-(3.4-dimethoxyphenyl)-4H-l-benzopyran-4-one. The 
substance is hydrogenated for 7 days. 3.4-Dihydro-7 .8-dihydroxy-3- 
(4-methoxyphenyl)-2H-l-benzopyran is obtained; m.p. 156'. 

Example 22 : As example 18. with the same proportions of chemicals, 
but using 7,8-dihydroxy-3-(3.4-dimethoxyphenyl)-4H-l-benzopyran- 
4-one [Tetrahedron 18. 1443 (1962)1 (10 g) instead of 6 . 7-dihydroxy- 
3-(3,4-dimethoxyphenyn-4H-l-benzopyran-4-one. The substance is 
hydrogenated for 7 days. 3.4-Dihydro-7.8-dihydroxy-3-(3.4-di- 
methoxyphenyl)-2H-l-benzopyran is obtained; m.p. 176'. 

^camEle_23: As example 18. with the same proportions of chemicals, 
but using 7.8-dihydroxy-3-(4-methylphenyl)-4H-l-benzopyran-4-one 
(1 9 g) instead of 6.7-dihydroxy-3-(3.4-dimethoxyphenyl)-4H-l-benzo- 
pyran-4-one. The substance is hydrogenated for 23 h. 3.4-Dihydro- 
7.8-dihydroxy-3-(4-methylphenyl)-2H-l-benzopyran is obtained; 

m.p. 164®. 

Example 24 ; As xample 18. with the same proportions of chemicals, 
but using 7-hydroxy-8-^ethyl-3-(3.4-dimethoxyphcnyl)-4H-l-benzo- 
pyran-4-one (10 g) instead of 6.7-dihydroxy-3-(3.4-dimeth xyphe- 



- 28 - 



nyl)-4H-l-ben20pyran-4-one. The substance Is hydrogenated for 

10 days. 3,4-Dihydr -7-hydroxy-8-inethyl-3-( 3,4-diinethoxyphenyl)-2H- 

1-benzopyran Is obtained; m.p. 125-127*. 

Example 25 ; As example 18, with the same proportions of chemicals, 
but using 7-hydroxy-8-methy l-3-( 4-chloropheny 1 ) -4H-1 -ben2opyran-4- 
one (5 g) instead of 6,7-dihydroxy-3-( 3,4-dimethoxyphenyl)-4H-l- 
ben2opyran-4-one. The substance is hydrogenated for 5 days. 3,4-Di- 
hydro-7-hydroxy-8-methyl-3-(4-chlorophenyl)-2H-l-benzopyran is 
obtained; m.p. 159**. 

Example 26 : 7-Hydroxy-8-methyl-3-(4-methylphenyl)-4H-l-ben2opyran-4- 
one (400 mg) in a mixture of dioxane and ethanol 1:1 (200 ml) is 
hydrogenated for 64 h at room temperature over palladium 10 % on 
active charcoal (100 mg) in the presence of p-toluenesulfonic acid 
monohydrate (120 mg). After filtration of the catalyst, the filtrate 
Is evaporated under reduced pressure to a volume of about 50 ml. 
Water (150 ml) is added and the solution is extracted with dlchloro- 
methane (3 x 100 mi). The combined organic solutions are washed with 
water, dried and evaporated. The product Is dried In vacuo to 
constant weight to yield 3,4-dlhydro-7-hydroxy-8-methyl-3-(4-methyl- 
phenyl)-2H-l-benzopyran, m.p. 136-137*. 

Example 27 ; As example 26, but using 7,8-dlhydroxy-3-(4-hydroxy- 
phenyl)-4H-l-benzopyran-4-one (J. Scl. Ind. Research (India) 20B, 
334 (1961)1 (540 mg) Instead of 7-hydroxy-8-methyl-3-(4-methyl- 
phenyl)-4H-l-benzopyran-4-one. A crystalline precipitate Is formed 
when water Is added; It Is filtrated off and washed with water. 
3,4-Dlhydro-7 ,8-dlhydroxy-3-(4-hydroxyphenyl)-2H-l-ben2opyran Is 
obtained; m.p. 225-226*. 

Example 28 : As exampl 26, but using 7-hydr xy-8-methyl-3-(4-meth- 
cxyphenyl)-4H-l-benzopyran-4-on (28 mg) Instead of 7-hydroxy-8- 
methyl-3-(4-methylphenyl)-4H-l-b nzopyran-4-one. A crystallln 
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precipitate is form d when water is added; it is filtrated off and 
washed with water. 3,4-Dihydro-7-hydroxy-8-!nethyl-3-(4-methoxy- 
phenyl)-2H-l-benzopyran is btained; m.p. 140-141**. 

Example 29 : As example 26, but using 6, 7-methylenedioxy-3-( 4-( 1- 
ethoxycarbonyl-l-propyloxy)-phenyl l-4H-l-benzopyran-4-one (25 mg) 
instead of 7-hydroxy-8-methyl-3-(4-methylphenyl)-4H-l-ben2opyran- 
4-one. After filtration of the catalyst, the solvent Is evaporated 
and the residue is purified by column chromatography on silica gel 
using dichloromethane as eluant . 3,4-Dihydro-6,7-methylenedioxy-3- 
{4-(l•ethoxycarbonyl-l-propyloxy)-phenyll-2H-l-benzopyran is 
obtained as an oil; *H-NMR (ds-DMSO): 6 « 6.9, 7.0, 7.4 (d), 7.6 (d) 
(6H, Aromaten-Hl; 3,4 (m,2H,CH2); 2.5 (m,2H,CH2); 1.8 (t,3H,CH3); 
1.6 (t,3H,CH3)- MS:m/e - 384 (m"^). 

Example 30 ; 7-Hydroxy-8-methyl-3-(4-nitrophenyl)-4H-l-ben2opyran- 
4-one (440 mg), dissolved in a mixture of dioxane/ethanol 1:1 
(200 ml), is hydrogenated for 15 h at room temperature over Raney 
nickel (200 mg). After filtration of the catalyst, the filtrate is 
evaporated under reduced pressure. The residue is dissolved in 
ethanol (75 ml) and hydrogenated for 15 h at room temperature over 
palladium 10 % on active charcoal (200 mg) in the presence of 
p-toluenesulfonic acid monohydrate (760 mg). After filtration of the 
catalyst, the filtrate is evaporated under reduced pressure. The 
r aidue is dissolved in water (100 ml). The solution is neutralized 
to pH 7.5 by addition of a saturated solution of NaHCOj and extrac- 
ted with ethyl acetate (3 x 50 ml). The combined organic solutions 
ar washed with water (2 x 20 ml), dried over MgSOi, and evaporated. 
Th residue is purified by column chromatography on silica gel using 
dichloromethane / ethyl acetate 1:1 as eluent. The product is dried 
in vacuo to constant weight to yield 3,4-dihydro-7-hydroxy-8- 
methyl-3-(4-aminophenyl)-2H-l-benzopyran, m.p. 150-151*". 

Exampl 31 : 3,4-Dihydr -6,7-dihydroxy-3-(4-methoxyph nyl)-2H-l-ben- 
- zopyran (cp. US patent 4,264,509] (10.0 g) is diss Ived In dry 
pyridin (30 ml) and acetic anhydrid (30 ml) is added. The s luti n 



is kept at room temperature for 48 h. Pyridine arid the excess of th 
r agent are removed by evaporating with ethan 1 under reduced 
pressure. The residue is purified by column chromatography on silica 
gel using chloroform as eluent. The crude product is recrystallized 
from methanol. The product is dried in vacuo to constant weight to 
yield 3 , 4-dihydro-6 » 7-diacetoxy-3-( 4-methoxypheny 1 ) -2H-1 -benzopyran , 
m.p. 104*. 

Example 32 ; As example 31, but using 3,4-dihydro-6,7-dihydroxy-3- 
(4-hydroxyphenyl)-2H-l-benr,opyran [cp. Phytochemistry 23, 2203 
(1984) and US patent 4,264,5091 (10.3 g) instead of 3,4-dihydro- 
6 , 7-dihydroxy-3-( 4-methoxypheny 1 ) -2H-1 -benzopyran . 3 , 4-Dihydro- 
6,7-diacetoxy-3-(4-acetoxyphenyl)-2H-l-benzopyrar is obtained; 
m.p. 145-147*. 

Example 33 : As example 31, but using 3,4-dihydro-6,7-dihydroxy-3- 
phenyl-2H-'l -benzopyran [cp. US patent 4,264, 509 J (9.7 g) instead of 
3 , 4-dihydro*6 , 7-dihydroxy-3-( 4-methoxypheny 1 ) -2H-1 -benzopyran . 
3, 4-Dihydro-6,7-diacetoxy-3-phenyl-2H-l -benzopyran is obtained; 
m.p. 102''. 

Example 34 ; Triethylamine (4.0 g) and dichlorodiphenylmethane 
(3.5 g) are added to a solution of 3,4-dihydro-6, 7-dihydroxy-3-(4- 
methoxyphenyl)-2H-l-benzopyran (cp. US patent 4,264,509) (1.4 g) in 
pyridine (50 ml) containing 1 % of water. The solution is warmed at 
50^ for 6 h and then poured into a mixture of water and 5N HCl 2:1 
(150 ml). It is extracted with dichloromethane (3 x 50 ml) and the 
combined organic solutions are washed with water. The solvent is 
evaporated to dryness under reduced pressure. The residue is 
recrystallized from ethanol. After drying In vacuo to constant 
weight, 3, 4-dihydro-6, 7-dlphenylme thy lenedloxy-3-( 4-methoxypheny 1)- 
2H-1 -benzopyran is obtained; m.p. 138-139*. 

Example 35 : Trl thylamine (2.02 g) and 3,4-dlhydro-7 ,8-dlhydroxy-3r 
(3,4-dlmethoxyph nyl)-2H-l -benzopyran (see example 22] (0.75 g) are 
dissolved in pyridine (20 ml) containing 1 % of water. A solution of 
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dlchlorodlphenylmethane (K77 g) In pyridln (5 ml) is slowly 
added. The mixture is heated at for 4 h. The solution is then 

poured into water (250 ml) and avaporated in vacuo to a volume of 
about 100 ml. It is then extracted with ethyl acetate (3 x 100 ml), 
the combined organic solutions are washed with water (2 x 50 ml) and 
evaporated to dryness under reduced pressure. The residue is 
purified by column chromatography on silica gel using dichloro- 
methane /hexane 1:1 as eluent. The product is recrystallized from 
hexane. After drying in vacuo to constant weight, 3,4-dihydro-7,8- 
diphenylmethylenedlo\y-3-(3,4-'dimethoxyphenyl)-2H-l-benzopyran is 
obtained; m.p. IST-ISS"*. 

Example 36; 7,8-Dlhydroxy-3-(3-methylphenyl)-4H-l-ben2opyran-4-one 
(100 mg), dissolved in a mixture of ethanol/dioxan 2:1 (75 ml), is 
hydrogenated for 24 h at room temperature over palladium 10 % on 
active charcoal (50 mg) in the presence of p-toluenesulphonic acid 
monohydrate (50 mg). After filtration of the catalyst, the filtrate 
is evaporated under vacuum to a minimum volume, then diluted with 
water (75 ml) and neutralized to pH 7 by addition of a saturated 
solution of NaHCOj. An oil is obtained which is extracted with ethyl 
acetate. The extract is dried over magnesium sulphate and evaporated 
under vacuum to yield an amorphous solid which is dissolved in 
methylene chloride and eluted on a silica gel column. After evapora- 
tion of the Biain fraction, one obtains 3,4-dihydro-7,8-dihydroxy3- 
(3-methylphenyl)-2H-l-benzopyran, m.p. 95-96**. 

The starting materials are prepared as follows: 

(a) As example 8, but using 2,3,4-trihydroxyphenyl-3*-methylbenzyl- 
ketone instead of 2,4,5-trihydroxyphenyl-4*-methylbenzylketone. 
7,8-Dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4- ne is obtained, 
m.p. 268^. 
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(b) As example 1, but using pyrogallol instead of 1 ,2 ,4-trlhydroxy- 
benzene and 3-inethylphenylacetonitrile instead of 4-methylphenyl- 
acetonitrile. 2,3,4-Trihydroxyphenyl-3'-inethylbenzylketone is 
obtained, m.p. 141^. 

Example 37; As example 36, but using 7 ,8-dlhydroxy-3-( 3-carboxy- 
phenyl)-4H-l-ben2opyran-4-one (100 mg) instead of 7,8-dihydroxy- 
3-(3-methylphenyl)-4H-l-benzopyran-4-one. After neutralization to 
pH 7 by addition of a saturated solution of NaHCOa* there is a 
precipitation of crystals of 3,4-dihydro-7,8-dihydroxy-3-(3-carboxy- 
phenyl)-2H-l-benzopyran, m.p. 194-195'*. 

The starting materials are prepared as follows: 

(a) As example 8, but using 2 , 3,4-trihydroxyphenyl-3' -carboxybenzyl- 
ketone instead of 2,4,5-trihydroxyphenyl-4'-methylbenzylketone. 

7 ,8-Dihydroxy-3-( 3-carboxyphenyl)-4H-l-benzopyran-4-one is 
obtained, m.p. 313-314®. 

(b) As example 1, but using pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and 3-carboxyphenylacetonitrile instead of 4-methylphenyl- 
acetonitrile. 2,3,4-Trihydroxyphenyl-3'-carboxybenzylketone is 
obtained, m.p. 222*. 

Example 38: As example 36, but using 7 ,8-dihydroxy-3-(4-nitro- 
phenyl)-4H-l-ben20pyran-4-one [cpT. J. Sci. Ind. Research (Irdia) 
20B, 334 (1961)1 (300 mg) instead of 7 ,8-dihydroxy-3-( 3-methyl- 
phenyl)-4H-l-benzopyran-4-one. After neutralization to pH 7 by 
addition of a saturated solution of NaHCOa, a precipitate is 
obtained which is filtered, washed with water and dried under vacuum 
over phosphorous pentoxlde. The mother liquor is acidified to pH 4,5 
and xtracted with ethyl acetate. Th organic layer is evaporated to 
dryness under vacuum to yield a solid. The two fractions consist f 
3,4-dihydro-7,8-dihydroxy-3-(4-amin phenyl )-2H-l-benzopy ran, 
m.p. 210-212*. 
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Example 39; 6,7-Dihydroxy-3-(3-methylphenyl)-4H-l-ben2opyran-4-one 
(1.2 g), dissolved In a mixture of dloxan/ethanol 4:6 (40 ml), is 
hydrogenated for 24 h at room temperature over palladium 5 % on 
active charcoal (0.48 g) In the presence of a few drops of concen- 
trated sulphuric acid. After filtration of the catalyst, the 
filtrate is evaporated to dryness under vacuum. An oil is obtained 
which is dissolved in methylene chloride. The solution is washed 
with water and dried over magnesium sulphate to give an oil which on 
crystallization yields 3,4-dihydro-6,7-dlhydroxy-3-(3-methylphenyl)- 
2H-l-benzopyran, m.p. 146-148'*. 

The starting materials are prepared as follows: 

(a) As example 8, but using 2,4,5-trlhydroxyphenyl-3'-methylben2yl- 
ketone instead of 2,4,5-trlhydroxyphenyl-4'-me. hylbenzylketone. 

6 , 7-Dihydroxy-3-( 3-methylphenyl) -4H-l-benzopyran-4-one is obtained , 
m.p. 258*. 

(b) As example 1, but using 3-methylphenylacetonitrile instead of 
4-methylphenylacetonitrile. 2 ,4, S-Trihydroxyphenyl-S'-methylbenzyl- 
ketone is obtained, m.p. 197^. 

Example 40; 6 , 7-Dihydroxy-3-( 4-f luorophenyl)-4H-l-benzopyran-4-one 
(1.2 g), dissolved in a mixture of dloxan/ethanol 4:6 (40 ml), is 
hydrogenated for 24 h at room temperature over palladium 5 % on 
active charcoal (0.48 g) in the presence of a few drops of cone, 
sulphuric acid. After filtration of the catalyst » the filtrate is 
evaporated to dryness under vacuum. An oil is obtained which 
crystallizes to give 3,4-dihydro-6,7-dlhydroxy-3-(4-f luorophenyl)- 
2H-l-benzopyran, m.p. 135-137*. 

The starting materials are pr pared as foil ws: 
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(a) As example 8. but using 2,4.5-trlhydroxyphenyl-4'-f luorob nzyl- 
ketone instead of 2,4,5-trihydroxyphenyl-4'-inethylbenzylketone. 
6,7-Dihydroxy-3-(4-fluorophenyl)-4H-l-benzopyran-4-one Is obtained, 
m.p. 296*. 

(b) As example 1, but using 4-f luorophenylacetonitrile instead of 
4-inethylphenylacetonitrile. 2,4,5-Trihydroxyphenyl-4'-f luorobenzyl- 
ketone is obtained,, m.j^. 189-190*. 

Example 41 t As example 40, but using 7 ,8-dihydroxy-3-phenyl-4H-l- 
ben2opyran-4-one Up- Zh- Org. Khim. 40, 2459 (1970) and Zh. Org. 
Khim. 5, 515 (1969)1 (1.2 g) instead of 6,7-dihydroxy-3-(4-f luoro- 
phenyl)-4H-l-benzopyran-4-one. After evaporation of the filtrate, 
the residue is washed with Water and dried under vacuum to give 
3,4-dihydro-7,8-dihydroxy-3-phenyl-2H-l-benzopyran, m.p. 138*. 

Example 42; As example 36, but using 6,7-dihydroxy-3-(3,4-methylene- 
dioxyphenyl)-4H-l-benzopyran-4-one Icp. Bull. Chem. Soc. Japan 38, 
612 (1965)1 (900 mg) Instead of 7,8-dihydroxy-3-(3-methylphenyl)- 
4H-l-benzopyran-4-one. After neutralization to pH 7, a precipitate 
is obtained which is purified by elutlon on a silica gtl column 
(CHCla/diisopropylether 1:1) to yield 3 , 4-dihydro-6 , 7-dihydroxy-3- 
(3,4-methylenedloxyphenyl)-2H-l-benzopyran, m.p. 163-164*. 

Example 43; As example 40, but using 6-n-hexyl-7-hydroxy-3-(4-meth- 
xyphenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6 , 7-dihydroxy-3- 
(4-fluorophenyl)-4H-l-benzopyran-4-one. After evaporation of the 
filtrate, the residue is eluted on a slllcagel column (CH2CI2): the 
main fraction yields an oil which crystallizes and represents 
3,4-dihydro-6-n-hexyl-7-hydroxy-3-(4-inethoxyphenyl)-2H-l-benzo- 

pyran, m.p. 64-66°. 



The starting materials ar prepared as f Hows: 
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(a) As example 8, but using 5-n-hexyl-2,4-dlhydroxyphenyl-4'-ineth- 
oxybenzylk tone Instead of 2,4,5-trlhydroxyphenyl-4'-inethylbenzyl- 
keton . 6-n-Hexyl-7-hydroxy-3-(4-!n thoxyphenyl)-4K-l-ben2opyran- 
4-one is obtained, m.p. 188**. 

(b) As example 1, but using 4-n-hexylresorcinol instead of 1,2,4- 
trihydroxybenzene and 4-methoxyphenylacetonitrile instead of 
4-methylphenylacetoni trile . 5-n-Hexy 1-2 , 4-dihydroxypheny 1-4 ' -meth- 
oxybenzylketone is obtained, m.p. 137*. 

Exa;nple 44: As example 36, but using 7 ,8-dihydroxy-3-( 3-f luoro- 
phenyl)-4H-l-benzopy^an-4-one (544 mg) instead of 7,8-dinydroxy- 
3-(3-methylphenyl)-4H-l-benzopyran-4-one. After extrat. tion v'ch 
ethyl acetate, the organic solution is washed with vater >r:d eva- 
porated under vacuum to yield 3,4-dihydro-7,8-dj Vyv' joxy 3-f luoro- 
phenyl )-2lHl-benzopy ran, m.p. 148-149*. 

The starting materials are prepared a? o.iows: 

(a) As example 8, but using 2,3,4-t: roxyphenyl-3'-f luorobenzyl- 
ketone instead of 2,4,5-trihy^^: l-4'-methylben2ylketone. 
7,8-Dihydroxy-3-(3-fluoropherv )-Vif-l-benzopyran-4-one is obtained, . 
m.p. 230*. 

(b) As example 1, but - pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and 3-fluoroph' r.y- jcetonitrile instead of 4-methylphenyl- 
acetonitrile. 2,3,4-'^ .iayi . k> pheny 1-3 '-fluorobenzy Ike tone is 
obtained, m.p. 162 • 

Example 45: As example 40, but using 6,7-dihydroxy-3-(3-fluoro- 
phenyl )-4H-l-benzopyran--4-one (1.2 g) instead of 6,7-dihydroxy-3- 
(4-f luorophenyl)-4H'-l-benzopyran-4-one. After evaporation of the 
filtrate, th oily residue is dissniv-u in methylene chloride. The 
solution is washed with water, di:. -I jver magnesium sulphat and 
vaporated t dryness under vacuum. The r sidue is purified by 
?.ution on a silica g 1 column (CHClj/diisopropyl ther 1:1) and the 
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Ml representing the main fraction on crystallization yield. 
;!l;iH;d:o-6.,!aihyaroxy-3-( 3-«-oroph nyl)-2HM-.en.opyr^ 

m.p. 121-123*. 

The etartlng i-^terlaU are prepared as follows: 

(a) AS example 8. but using 2.4,5-trihydroxyphenyl-3--f luoroben.yl- 
(a) As example . ^ henyl-*--methylbenzylketone. 

ketone instead of 2.4.5 trihyd ^ 1, obtained. 

6.7-Dihydroxy-3-(3-fluorophenyl)-W-l benzop.t 

m.p. 277**. 

1 1 but using 3-fluorophenylacetonitrile Instead of 
(b) AS example 1, bu us ng 3 ,.3..^ i.orobenzyl- 

4-inethylphenylacetonitrile. 2.4.5 Trinyar yp 

ketone is obtained, m.p. 209 . 

1 hut using 7-hydroxy-8-methyl-3-(3,4- 

,.S-.ihydroxy-3-(3-methylpheny»^^^^^^^^^^^^ 

"rerrrr ::;;r:er:r:rcuL to gi^ 3..-dihydro-,- 

h;roxytl::yl-3-(3.4-..thyl«.edioxy^^^^^^^ 
m.p. 130-131'. 

The starting materials are prepared as follows: 

(a) A, example 8. but using 2.4-d±hydroxy-3-«ethrlphenyl-3' 4'; 

AS exawHi . ^ j „f 9 4 5-trihydroxyphenyl-4' - 

«ethvlenedioxybenzylketone instead of 2.4.5 trinyar yp 

::ryiben.yJetone. ,-„ydroxy-.-methyl-3-(3..-methy^enediox^ 
phenyl)-«H-l-ben«pyran-4-one I. obtaln«l. ..p. 270 272 

trihydroxybenz ne and 3,4-inethyieneaio yv i ^. a«- 

trinya y ^ ^^^4^^ 2 4-Dihydroxy-3-methylphenyl-3 .4 

of 4-in thy Iphenylacetonit rile, i.** u^ny / 

methylenedioxybenzylk tone Is obtained. «.p. 164 . 
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Example 47: As example 36, but using 7-hydroxy-8-inethyl-3-( 3-ethoxy- 
carbonylphenyl)-4H-l-ben2opyran-4-one (100 rog) instead of 7,8-dl- 
hydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. After neutraliza- 
tion, a crystalline precipitate is formed which is filtered, washed 
with water and dried under vacuum to give 3,4-dihydro-7-hydroxy-8- 
me thy l-3-( 3-ethoxycarbony Ipheny 1) -2H-1 -benzopyran , ro . p . 143-144**. 

The starting materials are prepared as follows: 

(a) As example 8. but using 2.4-dlhydroxy-3-methylphenyl-3'-ethoxy- 
carbonylbenzylketone instead of 2,4,5-trihydroxyphenyl-4'-methyl- 
benzylketone. 7-Hydroxy-8-methyl-3-(3-ethoxycarbonylphenyl)-4H-l- 
benzopyran-4-one is obtained, m.p. 222*. 

(b) As example 1, but using 2 , 6-dihydroxytoluene instead of 1,2,4- 
trihydroxybenzene and 3-ethoxycarbonylphenylacetonitrile instead of 
4-me thy Ipheny lacetoni trile . 2 , 4-Dihydroxy-3-methy Ipheny 1-3 ' -ethoxy- 
carbonylbenzyJ. ketone is obtained, m.p. 157*. 

Example 48; As example 36. but using 7-hydroxy-8-methyl-3-( 3-tri- 
fluoromethylphenyl)-4H-l-benzopyran-4-one (100 mg) instead of 
7 , 8-dihydroxy-3-( 3-methylphenyl)-4H-l-benzopyran-4-one . After 
extraction with ethyl acetate, the organic layer is washed with 
water, dried over magnesium sulphate, then evaporated under vacuum 
to give 3,4-dihydro-7-hydroxy-8-methyl-3-( 3-trif luoromethylphenyl)- 
2H-l-benzopyran as an cLU. »H-4IHR (ds-DMSO): 4-7.6 
(m,4H.Aromaten-H); 6.7 (d,lH,Arom.-H) ; 6.4 (d,lH,Arom.-H) ; 
2.0 (s,3H,CHj). MS: m/e - 308 (M*). 

The starting materials are prepared as follows: 

(a) As example 8, but using 2,4-dihydroxy-3-methylphenyl-3'-tri- 
fluoromethylbenzylketone inst ad of 2,4,5-trihydroxyphenyl-4*- 
methylbenzy Ike tone. 7-Hydroxy-8-methyl-3-(3-trlf luoromethylphenyl)- 
4H-l-benzopyran-4-one is obtain d, m.p. 283-284 . 
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(b) As example 1, but using 2,6-dihydroxytoluene instead of 1,2,4- 
trihydroxybenzene and 3-trif luoromethylphenylacetonitrile instead of 
4-methylphenylacetonitrile. 2,4-Dihydroxy-3-methylphenyl-3'-tri- 
fluoromethylbenzylketone is obtained, m.p. 167*. 

Example 49; As example 40, but using 7 ,8-di^Dethoxy-3-(4-methyl- 
phenyl)-4H-l-benzopy^an-4-one (1.2 g) instead of 6 , 7-dihydroxy- 
3-(4-fluorophenyl)-4H-l-benzopyran-4-one. After evaporation of the 
filtrate, the residue is washed with water and dried under vacuum to 
yield 3,4-dihydro-7,8-dimethoxy-3-(4-methylphenyl)-2H-l-benzopyran, 

m.p. 98-99°. 

The starting material is prepared as follows: 

a) 7,8-Dihydroxy-3-(4-methylphenyl)-4H-l-benzopyran-4-one (2.7 g), 
described in example 9, is dissolved in dry acetone (50 ml). 
Pyrolyzed potassium carbonate (4.14 g) is added and the mixture is 
heated to reflux. A solution of methyl sulphate (3.78 g) in acetone 
(10 ml) is then added dropwise and heating is maintained for three 
more hours. After cooling, the solid is filtered and the solution is 
evaporated to dryness under vacuum. Water is added to the residue 
which is filtered, washed with an aqueous sodium hydroxide solution 
(1 N) then with water and dried. After crystallization in methanol, 
7,8-dimethoxy-3-(4-methylphenyl)-4H-l-benzopyran-4-one is obtained, 

m.p. 135*. 

Example 50: As example 39, but using 7-hydroxy-8-methyl-3-(4-chloro- 
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7-dihydroxy-3-(3- 
methylphenyl)-4H-l-benzopyran-4-one. Tetrahydrofuran and acetic acid 
are used instead of dioxan/ethanol and sulphuric acid. The resulting 
oil is finally purified by elution on a silica gel column (CHCI3) to 
yield 3,4-dihydro-7-hydroxy-8-methyl-3-(4-chlorophenyl)-2H-l-benzo- 

pyran, m.p. 98-100*. 

The starting materials are prepared as follows: 



- 39 - 



(a) As example 8, but using 2 .A-dihydroxy-S-methylphenyl-A'-chloro- 
benzylketone Instead of 2 .4,5 ■trihydroxyphenyl-4•-^.ethylben^yl- 
ketone. 7-Hydroxy-8-«ethyl-3-(4-chlorophenyl)-4H-l-benzopyran-4-one 

is obtained, m.p. 296-297**. 

(b) As example 1. but using 2 , 6-dihydroxy toluene instead of 1,2,4- 
trihydroxybenzene and 4-chlorophenylacetonitrile instead of 4- 
methylpheny lacetonitrlle . 2 . 4-Dihydroxy-3-«ethy lphenyl-4' -chloro- 
benzylketone is obtained, m.p. 167* . 

Kxamole 51: As example 39, but .sing 6,7-dihydroxy-3-(4-amino- 
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6 , 7-dihydroxy-3- 
(3-methylphenyl)-4H-l-benzopyran-4-one. The resulting oil 
corresponds to 3,4-dihydro-6.7-dihydroxy-3-(4-aminophenyl)- 
2H-l-benzopyran. It is converted to the corresponding hydrochloride 
and also to the corresponding hemisulfate. 

The starting material is prepared as follows: 

a) 6.7-Dihydroxy-3-(4-nitrophenyl)-4H-l-benzopyran-4-one 
Up. J. Inst. Chem. (Calcutta) 43, 234 (1971)1 (1 g) is dissolved in 
250 ml of a mixture of dioxan and ethanol 1:1. Raney nickel (0.45 g) 
is added and the mixture is hydrogenated for 18 h at room tempera- 
ture, then filtered. The solution is evaporated under vacuum to 
about one third of its original volume until a precipitate occurs 
-which is filtered and crystallized in dioxan to give 6 , 7-dihydroxy- 
3-(4-aminophenyl)-4H-l-benzopyran-4-one, m.p. 305-306". 

F.vnmnle 52: As example 39. but using 6,7-dihydroxy-3-( 3-chloro- 
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6 . 7-dihydroxy-3- 
(3-methylphenyl)-4H-l-benzopyran-4-one. Tetrahydrofuran and acetic 
acid are used Instead of dioxan/ ethanol and sulphuric acid. The 
resulting oil crystallizes to give 3.4-dlhydr -6.7-dihydroxy-3-(3- 
chl rophenyl)-2H-l-ben2opyran. 

The starting materials are prepared as follows: 
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(a» AS example 8. but using 2.4.S-trlhyd^oxyphe„yl-3•-chlo^oben^yl- 
r lead o 2 4.5-trlh,droxyph.nyl-»'-...ethylbenzylketone. 

::;:uro:r-3-oi;o.opJnyu-.H-x-^^^^^^^^ - • 

„.p. 308*. 

(b) As example 1. but using 3-chlor.phenylacetonitrile instead of 
llt:ylpben,Ucetonittiie.2.4.3-T.ibydtoxyphe„yl-3-cbl«oben.yl- 

ketone is obtained, m.p. 212*. 

^..^ AS example 40. but using ^-'-"f 

;:.thvlnhenyl) -4H-l-benzopytan-4-one < 1 . 2 g) instead of 6 . 7-dl 
:;rxrX 4-nu«opbenyl,-4H-l-ben.opy„n-4-one. Afte. evapotat.on 

!ftL filtrate, the residue is dissolved in 

solution is washed with water, dried over magnesium sulphate nd 
eUorated under vacuum to yield 3.4-dihydro-S.,-dihydroxy-3-(3-tri 
fluoromethylphenyl)-2H-l-ben«pyran, m.p. 139-141 . 

The starting materials are prepared as follows: 

(a, AS example 8. but using ;rl"r,r 
Lthylben.ylUet.ne instead of ^•'•^""^''''''-^ 7^-* 
benzylketone. 6.7-Dlhydroxy-3-(3-trif l«oromethylphenyl)-4H 1 

pyran-4-one is obtained, m.p. 2'4-275*. 

(b) AS exa,..le 1. but using 3-trifluoromethylphenylacetonltrlle 
instead of ^-.ethylphenylacetonitrile. 2.4.5-Trihydroxyphenyl-3 
trifluorometbylbeniylketone is obtained, m.p. 170 . 

^^.^ AS example 3,. but using 

„.thylphenyl)-4H-l-be«..pyran-4-one ( 1 . 2 g) instead of 6 . 7 dl 
hyll -343-methylphenyl)-4HM-ben.opyran-4-one. The r^^^^^^^^^^^ 
is finally purified by elution on a silica gel columu CU) to 
give J,4-dihydro-7.8-dlhydroxy-3-(3-triflu r methylph nyl)-2H 1 

benzopyran, m.p. 99-100 . 
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The starting materials are prepared as follows: 

(a) As example 8, but using 2.3.4-trihydroxyphenyl-3'-trif luoro- 
methylbenzylketone instead of 2.4.5-trihydroxyphenyl-4'-methyl- 
benzylketone . 7 ,8-Dihydroxy-3-( 3-trif luoromethylphenyl)-4H-l- 
ben2opyran-4-one is obtained, m.p. 225'*. 

(b) As example 1, but using pyrogallol instead of 1 .2.4-trihydroxy- 
benzene and 3-trif luoromethylphenylacetonitrile instead of 4-methyl- 
phenylacetonitrile. 2.3,4-Trihydroxyphenyl-3'-trif luoromethyl- 
benzylketone is obtained, m.p. 171°. 

Kxatnole 55: As example 39. but using 7 ,8-dihydroxy-3-( 3-chloro- 
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6.7-dihydroxy-3- 
(3-methylphenyl)-4H-l-benzopyran-4-one. Tetrahydrofuran and acetic 
acid are used Instead of dioxan/ethanol and sulphuric acid. The 
resulting oil crystallizes to give 3,4-dihydro-7,8-dihydroxy-3-(3- 
chlorophenyl)-2H-l-benzopyran. m.p. 99-101". 

The starting materials are prepared as follows: 

(a) As example 8, but using 2,3,4-trihydroxyphenyl-3'-chlorobenzyl- 
ketone instead of 2,4, 5-trihydroxyphenyl-4' -methylbenzylketone. 

7 .8-Dihydroxy-3-( 3-chlorophenyl)-4H-l-benzopyran-4-one is obtained , 
m.p. 258**. 

(b) As example 1, but using pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and 3-chlorophenylacetonitrile instead of 4-methylphenyl- 
acetonitrile. 2,3,4-Trihydroxyphenyl-3'-rhlorobenzylketone is 
obtained, m.p- 155*. 

Example 56: As example 40, but using 7,8-dlhydroxy-3-(4-f luoro- 
phenyl)-4H-l-benz pyran-4- ne (1.2 g) instead of 6,7-dihydroxy-3- 
(4-fluorophenyl)-4H-l-benzopyran-4-one. After evaporation of the 
filtrate, the r sldue is washed with water, dried under vacuum and 



9 
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^„ purified by elutioo on a silica gel column (CH2CI2) to give 
3,Wili5ero-7.8-dil.ydr xy-3-(4-f luorophenyl)-2H-l-ben2opyran. 



si:3x-ciiis 



Lterials are prepared as follows: 



<a> As ex»ple 8. but using 2.3,4-trihydroxyphenyl-4'-f luorobenzyl- 
ietone instead of 2.4.5-trihydroxyphenyl-4'-inethylbenzylketone. 
7.8-I>il.5tlroxy-3'(4-fluorophenyl)-4H-l-ben2opyran-4-one Is obtained, 

Cb) As exaiiple 1. but using pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and luorophenylacetonitrile instead of 4-n.ethylphenyl- 
acetonxtirile. 2.3,4-TrihydroxyphenyI-4'-f luorobenzylketone is 

obtained, w-p- 152* . 



57; As example 39, but using 6,7-methylenedioxy-3-(4- 

liiydroxvphenFl->-*H-l-*»««^°Py'^^""^'**"® ^^^^ Example 171 (1.2 g) 
instead of i.7-dihydroxy-3-( 3-methylphenyl)-4H-l-benzopyran-4-one. 

Tbe resnltins oil crystallizes to give 3.4-dihydro-6.7-methylenedi- 
^,3cy-3-<4-bydroacypfcenyl)-2H-l-benzopyran, m.p. 139-140'. 



^a-fileSSs As exanple 39. but using 6,7-dihydroxy-3-(4-isopropyl- 
pbenyl>-4e-l-benzopyran-4-one (1.2 g) instead of 6,7-dihydroxy-3- 
C3-netbylpbe«^l)-4H-l-benzopyran-4-one. The resulting oil crys- 
tallizes to eive 3.4-dihydro-6.7-dihydroxy-3-(4-isopropylphenyl)- 
2H— 1— benxopyran, n.p. 129 - 131 . 

Hie starting materials are prepared as follows: 



a) As exanple 8, but using 2.4.5-trihydroxyphenyl-4'-isopropyl- 
benzylketone instead of 2.4.5-trihydroxyphenyl-4'-methylbenzyl- 
ketone. 6,l-Dihydroxy-3-(4-i8opropylphenyl)--4H-l-benzopyran-4-on 

is obtained, n.p. 181-182*. 
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b) As example 1. but using 4-isopropylphenylacetonitrile instead f 
A-methylpheny lacetoni trile .2.4. 5-Trlhydroxyphenyl-4 ' -isopropy 1- 
benzy Ike tone Is obtained, m.p. 131°. 

Fxamole S9; As example 39, but using 6,7-dihydroxy-3-(4-carboxy- 
methylphenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7-di- 
hydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. The resulting oil 
crystallizes to give 3,4-dihydro-6,7-dlhydroxy-3-(4-ethoxy-carb- 
onylmethylphenyl)-2H-l-benzopyran. m.p. 164 - 166°. 



The starting materials are prepared as follows: 

a) 6,7-Dihydroxy-3-(4-cyanomethylphenyl)-4H-l-benzopyran-4-one (1 g) 
is dissolved in a mixture of cone, hydrochloric acid and acetic ucid 
1:1 (10 ml), then the solution is boiled for 2 h. After evaporacion 
of the solution under vacuum and crystallization of the residue in a 
mixture of ethanol and water, 6,7-dihydroxy-3-(4-carboxymethylphen- 
yl)-ftH-l-benzopyran-4-one is obtained, m.p. 278-280*. 

b) As example 8, but using 2,4.5-trihydroxyphenyl-4»-cyanomethyl- 
benzylketone instead of 2,4,5-trihydroxyphenyl-4»-methylbenzyl- 
ketone. 6,7-Dihydroxy-3-(4-cyanomethylphenyl)-4H-l-benzopyran-4-one 

Is obtained, m.p. 258-260*. 

c) As example 1, but using 4-cyanomethylphenylacetonitrlle instead 
of 4-methylphenylacetonitrlle. 2,4,5-Trihydroxyphenyl-A '-cyano- 
methylbenzylketone is obtained, m.p. 195-196". 

K^amole 60; As example 39. but using 6 , 7-dihydroxy-3-( 4-pheny 1- 
8ulfonylaminophenyl)-4H-l-ben2opyran-4-one (1.2 g) instead of 
6.7-dihydroxy-3-(3-methylphenyl)-4H-l-benzcpyran-4-one. The result- 
ing oil crystallizes to give 3.4-dihydro-6.7-dihydroxy-3-(^-phenyl- 
sulfonylaminophenyl)-2H-l-benzopyran. m.p. 152-154*. 



The starting material is prepared as follows: 
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a) 6,7-Dihydroxy-3-(4-a«,in phenyl)-4H-l-ben2opyran-4-one Ise 
Example Sla] (538 ng) is dlssolv d In a mixture of dimethyl- 
formamide and water 15:85 (5 ml) and the solution is h atod to 90' 
in the presence of benzenesulfonyl chloride (210 mg) . After 
15 minutes the pH has dropped to 3 and it is adjusted to 9 by 
addition of a 25 % sodium hydroxide solution. Benzenesulfonyl 
chloride (additional 143 mg) and 25 % sodium hydroxide solution 
(total amount used: 1 ml) ire added in the same way until the pH 
does not vary any more. Aqueous hydrochloric acid is then added to 
lower the pH to 3 and the solution is cooled until precipitation 
occurs. The precipitate is filtered, washed with water and dried to 
give 6.7-dihydroxy-3-(4-phenylsulfonylaminophenyl)-4H-l-benzopyran- 

4-one, m.p. 285-286^. 

Example 61: As example 40, but using 6.7-dihydroxy-3-( 3-ethoxy- 
carbonylphenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6.7-di- 
hydroxy-3-(4-fluorophenyl)-4H-l-benzopyran-4-one. After evaporation 
of the filtrate, the residue crystallizes to give 3,4-dihydro-6.7-^ 
dihydroxy-3-(3-ethoxycarbonylphenyl)-2H-l-benzcpyran, m.p. 131-133". 

The starting materials are prepared as follows: 

(a) As example 8, but using 2.4, "-trihydroxyphenyl-S'-ethoxycarbo- 
nylbenzylketone instead of 2.4.5-trihydroxyphenyl-4'-n,ethylbenzyl- 
ketone. After purification by column chromatography (silica gel/ 
toluene:«ethanol 100:5) . 6.7-dihydroxy-3-( 3-ethoxycarbonylphenyl)- 
4H-l-benzopyran-4-one is obtained, m.p. 217-218*. 

(b) As example 1. but using 3-ethoxycarbonylphenylacetonltrile 
instead of 4-methylphenylacetonitrile. After purification by column 
chromatography (silica gel/methylene chloride: methanol 20:1) and 
crystallization from a mixture of methanol and water, 2,4,5-tri- 
hydroxyphenyl-3'-ethoxycarbonylb nzylketone is btained, 

m.p. 177-178*. 
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Example 62; As example 39, but using 6, 7-dihydroxy-3-( 4-acetylamln - 
phenyl)-4H-l-benzopyran-4-one <1.2 g) instead of 6, 7-dihydroxy-3-( 3- 
methylphenyl)-4H-l-benzopyran-4-one. The resulting il crystallizes 
to give 3,4-dihydr -6,7-dihydroxy-3-(4-acetylaroinophenyl)-2H-l- 
benzopyran, m.p. 201-203* (88% purity). 

The starting material is prepared as follows: 

a) 7-Acetyloxy-6-hydroxy-3-(4-acetylaminophenyl)-4H-l-benzopyran-4- 
one [see Example 65a] (20 mg) is dissolved in a mixture of IN 
aqueous hydrochloric acid and ethanol 1:1 (10 ml) and stirred during 
12 h at room temperature. The solution is then extracted with 
dichloromethane, the dichlorome thane layer is washed with water and 
evaporated to dryness under vacuum to give 6,7-dihydroxy-3-(4-acet- 
ylaminophenyl)-4H-l-benzopyran-4-one, m.p, >310® (dec). 

Example 63: As example 39, but using 6,7-dihydroxy-3-( 3-methyl- 
sulfonylphenyl)-4H-l-benzopyran-4-one instead of 6,7-dihydroxy-3- 
(3-methylphenyl)-4H-l-benzopyran-4-one. 3,4-Dihydro-6,7-dihydroxy- 
3-(3-methylsulfonylphenyl)-2H-l-benzopyran is obtained. 

The starting materials are prepared as follows: 

a) As example 8, but using 2,4,5-trihydroxyphenyl-3*-methylsul- 
fonylbenzylketone instead of 2,4,5-trihydroxyphenyl-4*-methyl- 
benzylketone. 6,7-Dihydroxy-3-(3-methylsulfonylphenyl)-4-H-l- 
benzopyran-4-one is obtained. 

b) As example 1, but using 3-methylsulf onylphenylacetonitrile 
instead of 4-methylphenylacetonitrile. 2,4,5-Trihydroxyphenyl-3'- 
methylsulfonylbenzylketone is obtained. 

Example 64: As exampl 39, but using 6, 7-dihydroxy-3-( 3-tert-butyl- 
phenyl)-AK-l-benz pyran--A-one instead of 6 , 7-='dihydroxy-*3*( 3-methyl- 
phenyl ) -4H-1 -benzopy ran-4-one . 3 , 4-Dihydro-6 , 7-dihydroxy-3-( 3- tert- 
butylphenyl)-2H-l-benzopyran is obtained. 



The starting materials ar prepared as foil ws: 

a) As example 8, but using 2,4, S-trlhydroxyphenyl-S'-tert-butyl- 
benzylketone Instead of 2,A,5-trlhydroxyphenyl-4*-methylbenzyl- 
ketone • 6 , 7-Dihydroxy-3-( 3-tert-butylpheny 1 )-4H-l-benzopyran-4-one 
is obtained. 

b) As example 1, but using 3-tert-butylphenylacetonitrile instead of 
4-methylphenylace toni trile . 2,4, 5-Tr ihydroxypheny 1-3 ' -ter t-butyl- 
benzylketone is obtained. 

Example 65; As example 39, but using 7-acetyloxy-6-hydroxy-3-(4- 
acetylaminophenyl)-4H^l-benzopyran-4-one (20 mg) instead of 6,7-di- 
hydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. The resulting oil 
crystallizes to give 3,4-dihydro-6,7-dihydroxy-3-(4-acetylamino- 
phenyl)-2H-l-benzopyran, m.p. 201-203*' (88% purity). 

The starting material is prepared as follows: 

a) 6,7-Dihydroxy-3-(4-aminophenyl)-4H-l-benzopyran-4-one [see 
Example SlaJ (269 mg) is dissolved in ethanol (3 ml). Acetic 
anhydride (4 ml) is added and the solution heated to 70"* for 2.5 h, 
then left overnight at room temperature. The resulting precipitate 
is filtered, washed with water and dried to give 7-acetyloxy-6- 
hydroxy-3-( 4-acetylaminophenyl)-4H-l-benzopyran-4-one , 
m.p. 265 - 266*. 

Example 66; As example 39, but using 7 ,8-dihydroxy-3-( 4-acetylamino- 
phenyl )-4H-l-benzopyran-4-one instead of 6,7-dihydroxy-3-(3-methyl- 
phenyl)-4H-l-benzopyran-4-one . 3 , 4-Dihydro-7 , 8-dihydroxy-3-( 4- 
acetylaminophenyl)-2H-l-benzopyran is obtained. 



Th starting materials are prepared as follows; 
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a) As in example 8, but using 2,3,4-trihydroxyphenyl-4'-acetyl- 
aminobenzylketone instead of 2 ,4,5-t^ihyd^oxyphenyl-4•-methyl- 
benzy Ike tone • 7 , 8-Dihydroxy- 3- ( 4-ace ty laminopheny 1 ) -4H-1 -benzo- 
pyran-4-one is obtained. 

b) As example 1, but using pyrogallol Instead of 1 ,2,4-trihydroxy- 
benzene and 4-acetylaininophenylacetonitrile instead of 4-inethyl- 
phenylacetonitrlle. 2,3,4-Trihydroxyphenyl-4'-acetylarainobenzyl- 
ketone is obtained. 

Example 67: As example 39, but using 7,8-dihydroxy-3-(4-carbamoyl- 
phenyl)-4H-l-benzopyran-4-one instead of 6,7~dihydroxy-3--(3-methyl- 
phenyl )-4H-l-benzopyran-4-one. 3,4-Dihydro-7 ,8-dihydroxy-3-(4-ca^ba- 
moylphenyl)-2H-l-benzopy^an is obtained. 

The starting materials are prepared as follows: 

a) As in example 8, but using 2,3,4-trihydroxyphenyl-4*-carba- 
moylbenzylketone instead of 2,4,5-trihydroxyphenyl-4'-methyl- 
benzylketone. 7 ,8-Dihydroxy-3-(4-carbamoylphenyl)-4H-l-benzo- 
pyran-4-one is obtained. 

b) As example 1, but using pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and 4-carbamoylphenylacetonitrile instead of 4-methylphenyl- 
acetonitrile . 2,3, 4-Tr ihydroxypheny 1-4 ' -carbamoy Ibenzy Iketone is 
obtained. 

Example 68: As example 39, but using 7,8-dihydroxy-3-(3-n-propyl- 
8ulfonylphenyl)-4H-l-benzopyran-4-one instead of 6, 7-dihydroxy-3- 
( 3-methy Ipheny 1 ) -4H-1 -benzopy ran-4-one . 3 , 4-Dihydro-7 , 8-dihydroxy- 
3-(3-n-propyl8ulfonylphenyl)-2H-l-benzopyran is obtained. 

The starting materials are prepared as f llovs: 
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a) As exanpl 8. but using 2 , 3,4-trihydroxyphenyl-3•-n-propylsul- 
fonylbenzylketone instead of 2 ,4,5-trlhydroxyphenyl-4•-^.ethyl- 
ben2ylketone. 7.8-Dlhydroxy-3-(3-n-propylsulfonylphenyl)-4H-l- 
ben2opyran-4-one is obtained. 

b) As example 1. but using pyrogallol instead of 1 ,2,4-trihydroxy- 
benzene and 3-n-propylsulfonylphenylacetonitrile instead of 

4-n,ethylphenylacetonitrile .2.3. 4-Trihydroxyphenyl-3' -n-propy Isul- 

fonylbenzylketbne is obtained. ^ 

Example 69: As example 39. but using 7 .8-di«ethoxy-3-( 3-carboxy- 
phenyl)-4H-l-benzopyran-4-one Instead of 6.7-dlhydroxy-3-(3-n,ethyl- 
phenyl)-4H-l-benzopyran-4-one. 3.4-Dihydro-7 .8-dl«ethoxy-3-( 3-carb- 
xyphenyl)-2H-l-benzopyran is obtained. 

The starting material Is prepared as follows: 

a) As example 49a. but using 7 .8-dihydroxy-3-(3-carboxyphenyl)-4H-l- 
benzopyran-4.one I see Example 37al instead of 7.8-dihydroxy-3-(4- 
«ethylphenyl)-4H-l-benzopyran-4-one. 7.8-Dimethoxy-3-(3-carboxy- 
phenyl )-4H-l-benzopyran-4-one is obtained. 

Example 70: As example 39. but using 7 .8-dlmethoxy-3-(4-carboxy- 
thoxyphenyl)-4H-l-ben^opyran-4-one instead of 6.7-dihydroxy-3-(3- 
thylphenyl)-4H-l-benzopyran-4-one. 3.4-Dihydro-7 .8-dimethoxy-3-(4- 
boxymethoxyphenyl)-2K-l-benzopy^an is obtained. 



me 
me 
car 



The starting material is prepared as follows: 

a) NaH is dissolved in dry dimethylformamide under nitrogen atmo- 
sphere at 0". 7.8-Dimethoxy-3-(4-hydroxyphenyl)-4H-l-benzopyran- 
4-one Icp. J. Inst. Chem. (Calcutta) 43. 234 (1971)1. dissolved in 
dry dimethylformamid . is added si wly. then a solution of chloro- 
acetic acid. Th solution is heat d at 70" for 5 h and evaporated 
under vacuum to about one third of its original volum . After 
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cooling, water is added and a precipitate occurs which is filtered 
and crystallized in m thanol to give 7 .S-dimethoxy-S-CA-carboxy- 
me thoxypheny 1) -4H-1 -benzopy ran-4-one . 

Example 71; As example 39. but using 7 ,8-methylenedioxy-3-( 4- 
carboxyphenyl)-AH-l-benzopyran-4-one Instead of 6,7-dihydroxy-3-(3- 
methylphenyl)-4H-l-benzopyran-4-one. 3,4-Dlhydro-7 ,8-methylenedioxy- 
3-(4-carboxyphenyl)-2H-l-benzopyran is obtained. 

The starting materials are prepared as follows: 

a) As example 8. but using 2-hydroxy-3,4-methylenedioxyphenyl-4'- 
carboxybenzylketone instead of 2,4,5-trihydroxyphenyl-4'-methyl- 
benzyHcetone . 7 , 8-Methy lenedioxy-3-( 4-carboxypheny 1 ) -4H-1 -benzo- 
pyran-4-ohe is obtained. 

b) As example 1. but using 2-hydroxy-3.4-methylenedioxybenzene 
Instead of 1 ,2,4-trihydroxyben2ene and 4-carboxyphenylacetonitril<i 
instead of 4-methylphenylacetonitrlle. 2-Hydroxy-3.4-methylenedloxy- 
phenyl-4'-carboxybenzylketone is obtained. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
1. A compound of the formula I 

f 

i: i ! . 

wherein the group OR represents hydroxy; lower alkoxy which is 
unsubstituted or substituted by hydroxy, lower alkoxy, amino, lower 
alkylamino. di-lower alkylamino. carboxy or lower alkoxycarbonyl; or 
lower alkanoyloxy; one of the radicals R* and R" represents hydroxy, 
lower alkoxy. lower alkanoyloxy or lower alkyl and the other one is 
hydrogen; or the groups OR and R' together form a bivalent methyl- 
enedioxy radical which is unsubstrtuted or substituted by lower 
alkyl and/or phenyl, and R" is hydrogen; or the groups OR and R" 
together form a bivalent methylenedioxy radical which is unsubsti- 
tuted or substituted by lower alkyl and/or phenyl, and R* is 
hydrogen; and the ring B is unsubstituted or substituted by lower 
alkyl, phenyl-lower alkyl. diphenyl-lower alkyl. phenyl, lower 
alkanoyloxy. halogen, amino, lower alkylamino. di-lower alkylamino. 
phenylamino, lower alkanoylamino. benzoylamlno; lower alkylsulfon- 
ylamino. phenylsulfonylamino; lower alkanoyl, benzoyl, carboxy. 
lower alkoxycarbonyl. carbamoyl. N-lower alkylcarbamoyl . N.N-di- 
lower alkylcarbamoyl. cyano. ureido. N-lower alkylureido. lower 
alkylsulfonyl; phenylsulf onyl; lower alkyl which is substituted by 
hydroxy, lower alkoxy, amino, low r alkylamino. di-low r alkylamino. 
halogen, carboxy or lower alkoxycarbonyl; lower alkoxy which is 
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substituted by hydroxy, lower alkoxy. amino, lower alkylamino. 
di-lower alkylamino. halogen, carboxy or lower alkoxycarbonyl ; 
C3-C7-alkoxy; and/or bivalent roethylenedioxy ; 

or Kherein the ring B is monosubst ituted by hydroxy, methoxy or 

ethoxy. provided that R' is other than hydroxy. n.ethoxy or ethoxy. 

if the group OR represents hydroxy, methoxy or ethoxy; 

or wherein the ring B is disubstituted by methoxy and lower alkoxy. 

provided in case of 2 ' .4--dimethoxy substitution that R' and R" are 

other than methoxy. if the group OR represents ,nethoxy; 

with the proviso that the ring B must be substituted, if R' is 

hydroxy and the group OR represents hydroxy or methoxy: 

it being possible for all phenyl groups mentioned as such or in 

composed radicals t.o be unsubstituted or substituted by lower 

alkyl. lower alkoxy, halogen, hydroxy and/or nitro; or a salt 

thereof. 

2 A compound according to claim 1 of the formula I. wherein the 
group OR represents hydroxy, lover alkoxy or lower alkanoyloxy; one 
of the radicals R' and R" represents hydroxy, lower alkoxy. lower 
alkanoyloxy or lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylenedioxy radical 
which is unsubstituted or substituted by lower alkyl and/or phenyl, 
and R" is hydrogen; or the groups OR and R" together form a bivalent 
„ethylenedioxy radical which is unsubstituted or substituted by 
lower alkyl and/or phenyl, and R' is hydrogen; and the ring B is 
unsubstituted or substituted by lower alkyl. lower alkanoyloxy. 
halogen, amino, lower alkylamino, di-lower alkylamino. phenylamino. 
lower alkanoylamino. benzoylamino; lower alkylsulf onylamino. 
phenylsulfonylamino; lower alkanoyl. benzoyl, carboxy. lower 
alkoxycarbonyl. carbamoyl. N-lower alkylcarbamoyl . N.N-di-lower 
alkylcarbamoyl. cyano. lower alkylsulfonyl; phenylsulfonyl; lower 
alkyl which is substituted by halogen, carboxy or lower alkoxycarbo- 
nyl; lower alkoxy which is substituted by carboxy or lower alkoxy- 
carbonyl; or bivalent methylenedioxy; 
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or wherein the ring B is monosubstituted by hydroxy or methoxy. 
provided that R* is other than hydroxy, methoxy or ethoxy, if the 
group OR represents hydroxy, methoxy or ethoxy; 

or wherein the ring B is disubs t ituted by methoxy, provided in case 
of 2' ,4'-dimethoxy substitution that R' and R" are other than 
methoxy, if the group OR represents methoxy; 

with the proviso that the ring B must be substituted, if R' is 
hydroxy and the group OR represents hydroxy or methoxy; or a 
pharmaceutically acceptable salt thereof- 

3. A compound according to claim 1 of the formula I, wherein the 
group OR represents hydroxy, lower alkoxy or lower alkanoyloxy; one 
of the radicals R' and R" represents hydroxy, lower alkoxy, lover 
alkanoyloxy or lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylenedioxy radical 
which is unsubstituted or disubstituted by phenyl, and R" is 
hydrogen; or the groups OR and R" together form a bivalent methyl- 
enedioxy radical which is unsubstituted or disubstituted by phenyl, 
and R' is hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, lower alkanoyl- 
amino, phenylsulf onylamino ; carboxy, lower alkoxycarbonyl, car- 
bamoyl, lower alkylsulfonyl; lower alkyl which is substituted by 
halogen or carboxy; lower alkoxy which is substituted by carboxy or 
lower alkoxycarbonyl; or bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy or methoxy, 
provided that R* is other than hydroxy, methoxy or ethoxy, if the 
group OR represents hydroxy, methoxy or ethoxy; 

or wherein the ring B is disubstituted by methoxy, provided in case 
of 2* ,4'-dimethoxy substitution that R* and R" are other than 
methoxy, if the group OR represents methoxy; 

with the proviso that the ring B must be substituted, if R* is 
hydroxy and the group OR represents hydroxy or methoxy; 
r a pharmaceutically acceptable salt thereof. 



4. A compound according to claim 1 of the formula I, wherein the 
group OR represents hydroxy; lower alkoxy or lower alkanoyloxy; one 
of the radicals R' and R" represents hydroxy, lower alkoxy, lower 
alkanoyloxy or lower alkyl and the other one is hydrogen; or the 
groups OR and R* together form a bivalent methylenedioxy radical 
which is unsubstituted or disubstituted by "phenyl, and R" is 
hydrogen; or the groups OR and R" together form a bivalent methyl- 
enedioxy radical which is unsubstituted or disubstituted by phenyl, 
and R' is hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, lower alkylamino, 
di-lower alkylamino, or lower alkoxy which is substituted by carboxy 
or lower alkoxycarbonyl; or ring B is 3,4-dimethoxy-substituted; 
with the proviso that the ring B must be substituted, if R' is 
hydroxy and the group OR represents hydroxy or methoxy; or a 
pharmaceutically acceptable salt thereof. 

5. A compound according to claim 1 being 3,4-dihydro-6 , 7-dihydroxy- 
3-(3,4-dimethoxyphenyl)-2H-l-ben20pyran. 

6. A compound according to claim 1 being 3,4-dihydro-7 ,8-dihydroxy- 
3-( 3 , 4-dime thoxypheny 1 ) -2H-1 -benzopy ran . 

7. A compound according to claim 1 being 3,4-dihydro-6, 7-dihydroxy- 
3-(4-methylphenyl)-2H-l-ben2opyran. 

8. A compound according to claim 1 being 3,4-dihydro-6,7-diphenyl- 
methylenedioxy-3-(4-methoxyphenyl)-2H-l-benzopyran. 

9. A compound according to claim 1 being 3,4-dihydro-6 , 7-dxacetoxy- 
3-(4-methoxyphenyl)-2H-l-benzopyran. 

10. A compound according to claim 1 being 3,4-dihydro-6, 7-methylene- 
dioxy-3-(4-methoxyphenyl)-2H-l-benzopyran. 

11. A compound according to claim 1 being 3.4-dihydro-7,8-dihydroxy-3- 
( 4-methoxy phenyl ) - 2H- 1 -ben z opy r a n . 



12. A compound according to claim 1 being 3,4-dihydro-7 ,8-dihydroxy- 
3-(4-methylphenyl)-2H-l-ben20pyran. 

13. A compound according to claim 1 being 3 , 4-dihydro-7-hydroxy-8- 
methyl-3-( 3 , 4-dime thoxyphenyl) -2H-l-ben2opy ran . 

14. A compound according to claim 1 being 3,4-dihydro-7-hydroxy-8- 
methyl-3-(4-chlorophenyl)-2H-l-ben2opyran. 

15. A compound according to claim 1 being 3,4-dihydro-7*h rdroxy-S- 
me thy l-3-( 4-methy Iphenyl ) -2H-1 -benzopyr an . 

16. X compound according to claim 1 being 3,4-dihydro-7,8-dihydroxy- 
3-( 4-hy droxypheny 1 ) -2H- 1 -benzopy r an . 

17. A compound according to claim 1 being 3,4-dihydro-7-hydroxy-8- 
me thy l-3-( 4-me thoxypheny 1 ) -2H- 1 -benzopy ran • 

18. A compound according to claim 1 being 3.4-dihydro-6, 7-methylene- 
dioxy-3-l4-(l-ethoxycarbonyl-l-propyloxy)-phenylJ-2H-l-benzopyran. 

19. A compound according to claim 1 being 3,4-dihydro-7-hydroxy-8- 
methyl-3-( 4-aminophenyl) -2H-l-benzopyran . 

20. A compound according to claim 1 being 3,4-dihydro-6,7-diacetoxy- 
3-(4-acetoxyphenyl)-2H-l-benzopyran. 

21. A compound according to claim 1 being 3,4-dihydro-6.7-di- 
acetoxy-3-^phenyl-2H-l-benzopyran. 

22. A compound according to claim 1 being 3,4-dlhydro-7 ,8-diphenyl- 
methylenedioxy-3-( 3,4-dimethoxyphenyl)-2H-l-benzopyran. 

23. A compound according to claim 1 being 3,4-dihydro-7,8-dihydroxy-3- 
( 3-methylphenyl)-2H-l -benzopy ran. 
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24. A compound according to claim 1 being 3,4-dihydro-7 ,8-dihyd- 
roxy-3-( 3-carboxypheny 1 ) -2H-l-benzopy ran . 

25. A compound according to claim 1 being 3 .4-dihydro-7 ,8-dihydroxy- 
3- ( 4-aminopheny 1 ) -2H-1 -benzopy ran . 

26. A compound according to claim 1 being 3.4-dihydro-6, 7-dihydroxy- 
3-(3-methylphenyl)-2H-l-benzopyran. 

27. A compound according to claim 1 being 3.4-dihydro-6,7-dihydroxy- 
3-( 4-f luorophenyl)-2H-l-benzopyran . 

28. A compound according to claim 1 being 3,4-dihydro-7 .8-dihydroxy- 
3-phenyl-2H-l-benzopyran. 

29. A compound according to claim 1 being 3.4-dihydro-6. 7-dihydroxy- 
3-( 3.4-methylenedioxyphenyl)-2H-l-benzopyran. 

30. A compound according to claim 1 being 3.4-dihydro-6-n-hexyl-7- 
hydr oxy- 3-( 4-me thoxypheny 1 ) -2H- 1 -benzopy ran . 

31. A compound according to claim 1 being 3.4-dihydro-7 .8-dihydroxy- 
3-(3-fluorophenyl)-2H-l-benzopyran. 

32. A coinpound according to claim 1 being 3.4-dihydro-6.7-dihydroxy- - 
3-(3-fluorophenyl)-2H-l-benzopyran. 

33. A compound according to claim 1 being 3.4-dihydro-7-hydroxy-8- 
methyl-3-(3,4-methylenedioxyphenyl)-2H-l-benzopyran. 

34. A compound according to claim 1 being 3. 4-dihydro-7-hydroxy-8- 
roethyl-3-<3-ethoxycarbonylphenyl)-2H-l-benzopyran. 

35. A compound according to claim 1 being 3 , 4-dihydro-7-hydroxy-8- 
methyl-3-( 3-trif luorom thylphenyl)-2H-l-benzopyran. 



36. A compound according to clai» 1 being 3.4-dihydro-7 .8-dimethoxy- 
3- ( 4-ine thy Ipheny 1 ) -2H- 1 -benz opy r an . 

37. A compound according to claim 1 being 3.4-dihydro-7-hydroxy-8- 
methyl-3-(4-chlorophenyl)-2H-l-benzopyran. 

38. A compound according to claim 1 being 3.4-dihydro-6 . 7-dihydroxy- 
3-( 4-aminophenyl)-2H-l-benzopyran. 

39. A compound according to claim 1 being 3.4-dihydro-6 . 7-dihydroxy- 
3-( 3-chlorophenyl)-2H-l-benzopyran . 

40. A compound according to claim 1 being 3.4-dihydro-6 . 7-dihydroxy- 
3-( 3-trif luoromeJJiylphenyl)-2H-l-ben2opyran. 

41. A compound according to claim I being 3.4-dihydro-7 .8-dihydroxy- 
3-(3-trifluoromethylphenyl)-2H-l-benzopyran. 

42. A compound according to claim 1 being 3.4-dihydro-7 .8-dihydroxy- 
3-(3-chlorophenyl)-2H-l-benzopyran. 

43. A compound according to claim 1 being 3.4-dihydro-7 .S-dihydroxy- 
3-( 4- f luo ropheny 1 ) -2H- 1 -benzopy ran . 

44. A compound according to claim 1 being 3.4-dihydro-6.7-«ethylene- 
dioxy-3-(4-hydroxyphenyl)-2H-l-benzopyran. 

45. A compound according to claim 1 being 3.4-dihydro-6. 7-dihydroxy- 
3- ( 4- i sopropy Ipheny 1 ) -2H-l-benzopyran . 

46. A compound according to claim 1 being 3. 4-dlhydro-6 . 7-dihydroxy- 
3-(4-carboxymethylphenyl)-2H-l-benzopyran. 

47. A compound according to claim 1 being 3.4-dihydro-6. 7-dlhydroxy- 
3-(4-phenylsulfonylaminophenyl)-2H-l-ben2opyran. 



♦ 
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48. A compound according to clain. 1 being 3. 4-dihydro-6 , 7-dihydroxy- 
3-.(3-ethoxycarbonylphenyl)-2H-l-benzopyran. 

49. A compound according to claim 1 being 3.4-dihydro-6 . 7-dihydroxy- 
3-(4-acetylaminophenyl)-2H-l-benzopyran. 

50. A pharmaceutical preparation containing a compound of formula I 
according to any one of claims 1 - 49. or a pharmaceutically accept- 
aSle salt thereof, together with one or more pharmaceutically 
acceptable carriers. 

51 . A compound of the formula I according to any one of 

claims 1 - 49 or a pharmaceutically acceptable salt thereof for use 
in a method for the prophylactic and/or therapeutic treatment of the 
animal or human body. 

52. A compound of the formula I according to any one of 

claims 1 - 49 or a pharmaceutically acceptable salt thereof for use 
in the treatment of vascular diseases. 

53. Use of a compound of the formula I according to any one of 
claims 1 - 49 or of a pharmaceutically acceptable salt thereof for 
the manufacture of a pharmaceutical preparation, 

54. A process for the manufacture of a compound of .he formula I 

^4: ^i«>-s«io 1-49 or a salt thereof, which 
according to any one of claxms 1 or a 

comprises 

a) reducing a compound of the formula II 



f 



I II M 

I B II 



(II) 



I' 



wherein the group CXxXz represents a carbonyl group and the dotted 
line represents a bond r no bond, or wherein CXiX= represents a 
hydroxymethylene group and the dotted line represents no bond, and 
OR. R' , R" and ring B ar as defined under formula I or represent 
radicals which are convertible to the groups OR, R' , R" and/or 
ring B as defined under formula I by reduction, optionally with 
simultaneous reduction occurring within the groups OR. R* . R" and/or 
ring B, or 

b) reducing a compound of the formula III 

r 

R\ /n y\ 

t II I (III). 

I B II 

wherein OR, R' . R" and ring B are as defined under formula I or 
represent radicals which are convertible to the groups OR. R' . R" 
and/or ring B as defined under formula I by reduction, optionally 
with simultaneous reduction occurring within the groups OR, R' , R" 
and/or ring B. or 

c) reducing a compound of the formula IV 



f 



0 X® 



/n. A. 

I II I (IV). 
I B II 



wherein OR, R* . R" and ring B are as defined under formula I or 
represent radicals which are convertible to the groups OR, R^ R" 
and/or ring B as defined under formula I by reduction, and X is an 
anion, optionally with simultaneous reduction occurring within the 
groups OR. R', R" and/or ring B, or 



d) reducing a compound of the formula V 

r 

y\ z"^'^' 

I H I (V), 
I B II 

• • 

wherein the group NR1R2 represents a tertiary amino group and OR, 
R* , R" and ring B are as defined under formula I or represent 
radicals which are convertible to the groups OR, R' , R" and/or 
ring B as defined under formula I by reduction, optionally with 
simultaneous reduction occurring within the groups OR, R* , R" and/oi 
ring B; 

and/or, if desired, converting a resulting compound of formula I 
into another compound of formula I, and/or converting a resulting 
salt into the free compound or into another salt, and/or converting 
a resulting free compound of the formula I having salt-forming 
properties into a salt, and/or separating a resulting mixture of 
stereoisomers or optical isomers, such as a diastereoisomeric 
mixture, into the individual stereoisomers, optical isomers or 
enantiomeric mixtures, respectively, and/or splitting enantiomeric 
mixtures, such as a racemate, into the optical isomers. 

55. A novel compound whenever prepared by a method according to 
claim 54. 

56. A novel compound of formula I substantially as herein described 

57. A method for the preparation of a novel compound of the 
formula I substantially as herein described. 



58. A compound prepared by the process claimed in claim 57. 



S<». A pharmiroutlcil preparation cont.iinlnr. - compound of f..rmnl.. I 
aubia.mt Lilly .»» heroin a..:icrlbod. 
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FLAVONOIDS AS DNA TOPOISOMERASE ANTAGONISTS AND 
POISONS: STRUCTURE-ACTIVITY RELATIONSHIPS 

Andreas Constantinou.' Rajendra Mehta, Constance Runyan, 

Department of Surgical Oncology, College of Medicine, University of Illinois at Chicago, 

Chicago, Illinois 60612 

KandalaRao. 

Life Sciences Division, HT Research Institute, Chicago, Illinois 60616 

Andrew Vaughan, 

Department of Radiotherapy, L/fyola University, Maywood, Illinois 60153 

and Richard Moon 

Dt^rtment of Surgical Oncology, College of Medicine. University of Illinois at Chicago, 
; Chicago, Illinois 60612 

Abstract. Selected Ravonoids were tested for their ability to inhibit the catalytic activity 

of DNA topoisomerase (topo) I and II. Myricetin, quercetin. fisetin, and morin were found to 
inhibit both enzymes, while phloretin, kaempfcrol, and 4',6.7-trihydroxyisoflavone inhibited 
topo II without inhibiting topo I. Flavonoids demonstrating potent topo I and II inhibition 
tcquiredhydroxylsroupsubstiai£ionattheC-3.C-7.C-3'.andC-4' positions and also required 
aketogtoupat C-4. Additional B-ring hydroxylation enhanced flavonoid topo I inhibitory action. 
'~^A:C-2,C-3 d^iibrc bond was also required, but when the A ring is opened, the requirement for 
the double bond was eliminated. Genistein has been previously reported to stabilize the covalcnt 
topo II-DNA cleavage complex and thus function as a topo II poison. All flavonoids were tested 
for their ability to stabilize the cleavage complex between topo I or topo II and DNA. None of 
the agents stabiUzed the topoI-DNAdeavage complex, butprunetin.quercetin.kaempferol,and 

apigenin stabilized the topo 11 DNA-complex. Competition experiments have shown that 
genistein-induced topo Il-mediated DNA cleavage can be inhibited by myricetm. suggesting 
that both types of inhibitors (antagonists and poisons) interact with the same functional domain 
of their target enzyme. These results are of use for the selection of flavonoids that can inhibit 
specific topoisometases at specific stages of the topoisomerization reaction. 

Several plant-derived flavonoids have been previously reported to inhibit certain 
regulatory enzymes including protein kinase C (1), reverse transcriptase (2), and DNA 
topoisomerase(topo) II (3 ,4). With the exceptiqn of genistein, the specific efifects of these 
flavonoids on the two main types of eukaryotic topoisometases (topo I and topo U) have 
not been determined. Drugs targeting either topo I or topo II have applications in cancer 
chemotherapy, but the range of applicable tumors depends on the type of topoisomerase 
targeted and on their mode of action. For example, the. topo I-targeting drugs 
camptothecin and topotecan, are effective against slow-growing tumors that contain the 
same levels of topo I as more rapidly growing tumors (5). In contrast, the topo II- 
targeting etoposide (VP-16) and teniposide (VM-26) are more useful m rapidly 
proliferating carcinomas expressing high levels of topo II. These clinical considerations 
necessitate the precise identification of the enzymatic targets of the flavonoids and other 
compounds that inhibit DNA topoisometases as weU as a clear understanding of their 

mode of action. n-vivTA r 

In eukaryotes, DNA topoisometases are involved in the processes ot UNA replica- 
tion, transcription, and recombination (6), and also play a key role during cell 
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proliferation and differentiation (7-12). Inhibitors of eukaryotic topoisomerases, de- 
pending on the stage of the catalytic cycle they inhibit, can be distinguished into two 
classes. In the first class belong cytotoxic agents known as topoisomerase poisons (13), 
which, by preventing the religation step of the reaction, stabilize the covalent enzyme- 
DNA complex known as the cleavage complex (14,15). Tenyposide, etoposide, ellipticine, 
doxorubicin, and m-AMSA are some representative topo II poisons*:^In the second class 
belong agents that do not stabilize the covalent enzyme-DN A complex, but rather 
prevent formation of this complex and consequently enzymatic turnover; these have been 
referred to as topoisomerase antagonists because they oppose both the normal topoisomerase 
strand-passing reaction as well as the action of the poisons (16). Novobiocin (17), 
merbarone (18), aclarubicin (19), fostriecin (20), ^/j-2,6-dioxopiperazine derivatives 
(2 1), and gossypol (22) are some representative topo II antagonists. Although topo I and 
II poisons are more commonly used as chemotherapeutic agents (11—13,23), some topo- 
II antagonists that exhibit antitumor effects in animal studies have been reported (24— 
27). 

In the present study, 20 representative flavonoids have been evaluated using specific 
assays, for their ability to inhibit topo I and topo II activities and to enhance DNA-strand 
breakage- Structural alterations that drastically change an agent's effectiveness or mode 
of action have been identified. We report herein that topo Il-inhibiting flavonoids can 
function as topo II poisons, antagonists, or both, depending on the position of hydroxyl 
groups in the A and B rings of the molecule. 

RESULTS AND DISCUSSION 

The effect of various flavonoids on the catalytic activity of topo I and topo II was 
evaluated using the relaxation and unknotting assays, respectively. Initially, compounds 
were evaluated at a concentration of 100 |Xg/mL Agents not showing activity at 100 fxg/ 
ml were considered ineffective and were not tested further. Agents showing inhibition 
at 100 (xg/ml, were further tested in the 1 - through 100-fXg/ml range until the minimal 
concentration necessary to inhibit 50% of the topo I or topo II catalytic activity (IC30) 
was determined. An example of this approach is shown in Figure 1 . In the initial test, 
quercetin inhibited both topo I and topo II at 100 jJLg/ml. This compound was then 
further evaluated at lower concentrations as shown in Figure lA. When the photo- 
graphic negative was scanned and the densitometric data plotted as shown in Figure 1 C, 
the IC50 value was found to be 10 |xg/mL By averaging the IC50 values of three to four 
such experiments, mean values shown in Tables 1 and 2 were obtained. A similar 
approach was used for determining the mean IC50 values of quercetin for topo Il-catalytic 
activity, except that the photographic negatives of unknotting assays (shown in Figure 
IB) were scanned, and the density of the unknotted band was integrated and plotted as 
illustrated in Figure ID. 

In this manner, the ability of representative flavones to inhibit the catalytic activities 
of topo I and II was determined, and these results are summarized in Table 1 . The flavone 
derivatives myricetin, quercetin, fisetin, and morin inhibited both topo I-relaxIng 
activity and topo Il-unknotting activity. Kaempferol and phloretin inhibited only topo 
Il-unknotting activity. Effective topo Il-inhibiting flavones have in common the 
obligatory C-4 keto group and hydroxyl group substitutions at C-3, C-7, and C-4'. 
Effective topo I inhibitors exhibited the same structural parameters as topo II inhibitors, 
with the additional requirement of another hydroxyl group in the B-ring. When this 
additional group was adjacent to the C-4' position the flavonoid was more effective in 
inhibiting topo 1. ^-Catechin, a flavanol with the same hydroxyl group substitutions as 
the flavone quercetin, did not inhibit either topo I or topo IL Rutin, which also has the 
same hydroxyl group substitutions as quercetin, with the exception of being a C-3 
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Figure 1. 



Agarose gel assays for determining the effect of quercetin on topo I (A) and tOi>o II activities 
(B). Two units of purified topo I or topo II were incubated, under the conditions described in 
the Experimental, with increasing concentrations of quercetin as shown in the top of panels A 
and B. The amount of the reaction substrate, evaluated by scanning densitometrically the 
supercoiled form of pUC8 DNA for topo I (panel C). or the unknotted form of P4 DNA for topo 
II (D). is plotted against quercetin concentration. The IC50 value was determined by 
extrapolating the concentration of quercetin required to prevent conversion of 50% of the 
substrate to the reaction product. This is a representative experiment; mean ICjo values were 
determined in this maimer from a total of three independent experiments. 



glycoside, lacked topoisomerase inhibitory activity. Galangin was ineffective in inhib- 
iting topoisomerases, apparently because it lacks hydroxyl groups in the B ring. Flavone 
and all monohydroxyflavones were found in this study to be ineffective as enzyme 

inhibitors. n j 

From the five isoflavones tested, only genistein (4',5,7-trihydroxyisoflavone) and 
4',6,7-trihydroxyisoflavone inhibited topo Il-unknotting activity (Table 2). Genistem 
has been previously shown to inhibit topo Il-unknotting activity, while it is unable to 
inhibit topo I-relaxing activity at concentrations lower than 1 ntiM (28,29). In the 
present study, genistein was used as a positive control. Daidzein, which differs from 
genistein in that it has no hydroxyl group at the C-5 position, did not inhibit topo II- 
(or topo I-) unknotting activity. Prunetin, with a C-7 methoxyl group was also 
ineffective in this assay. From these results, it was concluded that hydroxyl groups at C- 
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Table I . Effect of Flavones, a Dihydrochalconc. a Flavanol, and Derivatives on 
Topo I-Relaxing and Topo Il-Unknotting Activities. 



Compound 



Position of Hydroxyl 
Substitution 



A ring 



B ring 



Mean* ICjo 
(^JLg/ml) 



Topo I 



Topo II 




OH O 

Phloretin 



OH 



</-Catechin 



Phloretin 
</-Catechin 



5 
5 



7 
7 



4' 
3' 4' 



46.1'' 

b 



•Values represent therneaiifromatleastthreeindependentexperiments.thevark^^^ 

of the mean value . 

effect at up to 100 \Lg/ml final concentration. 
'Contains a rutinose sugar unit attached to C-3. 

5 C-7 and C-5' are required for the inhibition of topo Il-unknotting activity by 
isoflavonoids. However, 06 instead of C-5 hydroxyl substitution is permissible. None 
of these isoflavones inhibited topo I at concentrations below 100 |Xg/mL 

To further characterize the stage of the topoisomerization reaction initially blocked 
by the agent, we used a linearization assay. Topo II poisons stabilizing the cleavage 
complex can be evaluated using the pUC8 plasmid linearization assay. The production 
of 1 inear plasmid DNA by an agent in the presence of topo II and after proteinase-l<L 5Ui> 
digestion indicates the ability of the agent to stabilize the cleavage complex (Figure 2). 
Using this, or other similar assays, genistein has been shown to stabilize the cleavage 
complex (3, 4. 28, 29). The flavonoids listed in Tables 1 and 2 were evaluated for their 
ability to induce DNA-breakage in the presence of topo II. Positive agents ^re listed in 
Table 3; quercetin, kaempferol, apigenin, and pmnetin enhanced by at least 60% the 
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4',6,7-Trihydroxyisoflavone .... 



•Values rept esent the mean from at least three independent experiments; the variance was less than 2 5 % 

of the mean value. 

"^o effect up to 100 p,g/ml final concentration. 

topo Il-mediated DNA cleavage as determined by increases in the linear form of plasmid 
DNA in the presence of topo II, but these agents were considerably less potent than 
genistein. In two experiments, fisetin, morin, 5-hydroxyflavone. and 6-hydroxyaavone 
weakly enhanced the cleavage complex (by less than 50%). These agents, however, were 
considered marginally effective and are not listed in Table 3. None of the effective agents 
produced linear DNA in the absence of the enzyme, indicating that the effect is topo II- 

mediated. tti_- j u 

It is currently unknown whether flavonoid antagonists of topo II bind on the same 
site as flavonoid topo II poisons. To address this issue, we evaluated the effect of 
myricetin, which is a strong inhibitor of topo Il-unknotting activity (IC50 1 1 -9 Ji.g/ml), 
on the DNA cleavage enhancing-effect of genistein. The results are shown in Figure 2. 
Genistein. at concentrations of 100 jJLg/ml (lane 3) and 30 |Xg/ml (lane 6) effectively 
produced linear DNA (form III), in the presence of topo II. Myricetin, at concentrations 
ranging from 3 to 100 [JUg/ml, did not produce linear DNA. Only the highest myricetin 
concentration is shown in this figure (lane 4). Furthermore, myricetin prevented 



DNA Form 




FIGUILB2. Effects fmyricetinontopon-mediatedcleavage fpIasmidpUC8DNA.I«icl.co^^^^^ 

drug); lane 2. linear pUC8 (marker for form fflB*W«ie 3. genistein (100 jig/m». lane 4, 
myricetin (100 (xg/ml). lane 5. genistein (100 jig/ml) plus myricetin (100 iLg/mVy. lane 6. 
genistein (30 |ig/ml); lane 7. genistein (30 jtg/ml) plus myricetin (30 Jtg/ml). AU Ka«ions 
(except lane 3) containing 10 units f purified human t po H were performed as described in 
the Experimental under "Plasmid Lineariiation Assay." 
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None (control) • • ■ 

Quercetin 

Kaempferol 

Apigenin 

Gcnistein 

Prunetin ^ 

-AH flavonoids were tested, as shown in Figure 2. at a final concentration of 100 

""^""^alues are the means from at least triplicate experiments; the variance was less 
than 25% of the mean value. 

genistein-s DNA cleavage-promoting action as ^^-rmined by th^^^^^^^^^^^^ 
Winlanes5ancl7.Myricetinantagoni2edthegenistein-mducedDNAbreakageom 

wSn U w "provided a' the same concentration as the isoBavone. My"cenn ^he^ 
Itr^duced at lower concentrations than genistein. was only partidiy effective and when 

coSlom.,Ltion ruction may bind on th. «une s.te of the enzyme or .he DNA 
enzyme-compU^^ group was found co be essential for rhe inhibirion of borh coi« I 
andlopo 11 ^.iviriL This is apparenr by comparing tije acr.ve <J---" "f^* 
i^iti« <i-catechin. Compatisonof these r«o compounds also suggested that the 
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r 4'T.vdroxvlation was required for the inhibition of reverse transcriptase (1,2). These 
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serve ^hebXg site for genistein (29). The ability of quercetin and Semstein to 
SiTche ATPase^omponent of the topoisomeriration reaction (30) P^ovid^^me 
supS« to fhis hypothesis. In addition, the demonstration of ^^Bomsm hev.^ 
myrketin and ge'Sstein provides fimher support. Based on the observation that 
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eenistein-induced (copo Il-mediaced) DNA breakage is prevented by equimolar concen- 
fracion of myricetin. we propose that the two flavoaoids bind on the same sue of the 
target enzyme; different stages of the copoisomeriza cion reaction, however are blocked 
duf CO spLial differences between the two flavonoids. Gen.stem. wh.ch .s planar, 
stabi izes the cleavable complex, while the nonplanar myricetin prevents enzymatic 



An alternative explanation of the above observations requires the flavono.ds to exert 
their efftts non-spec'^fically. that is. through Intercalation into DNA. Three hnes of 
evidence oppose this possibility. First. Yamashua reported that -^f^^ r^V^^^ "^ 
nor eenistein intercalate into pBR322 DNA even at concentrations of 250 (3). 
LconXrcorrelation between DNA intercalation and — 

been shown in any studies with flavonoids or other topo Il-targeting agents (3 .4). Third. 
iftheeff^twereLn-specific.onewouldexpectmyricetincoaU^ 

mediated tolo I nicking. We have fburtd that myricetin had no effect on camprothecm- 
Sdtc^t<^^SiediatedDNAbreakage(unpublished results) 

wkh those from the above studies, suggest that the compet.txon between S--^^^^^^ 
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with the DNA deavage/religation equilibrium, nor opposes the DNA =^trand-p^«^ge 
I^of the reaction (31); buc rather they inhibit enzymanc ^"--"/^^^^^^^ 

hv^^rolvsis Flavonoid poisons, on the other hand, because ot 

ZTf^zbc effects of aavonoids on the topoisomerization reaction ar= varied, and 
de^^ on minor structural alteratloru these agents can fimctron either as topo U 
antagonists, or as topo II poisons. 
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necessary, followed by the addition of 2 units of human topo 11. Reactions of 20 jxl total volume were started 
by the addition of 0.6 |Xg of knotted DNA. Reactions were terminated by the addition of 5 fil of a stop 
solution containing 596 SDS, 50 mM EDTA, 25% FicoU, and 0.05 mg/ml bromophenoi blue. Samples were 
loaded on 0.8% agarose gels and elecrrophoresed at 4 V/cm for 5 h in Tris-borate-EDTA buffer. Gels were 
stained in I |xg/ml ethidium bromide, destained, and photographed over a uv light source. For the 
quantitative determination of topo II activity, photographic negatives were densitometrically scanned. 
Unknotted DNA, migrating as a single band at the top of the gel, was measured in this manner. The 
concentration of the inhibitor preventing 50% of the substrate (knotted DNA) from being converted into 
the reaction product (unknotted DNA) was determined from a standard curve (Figure 1). By averaging three 
to four such experiments, the IQo values were determined. 

Plasmid linearization assay. — ^Topo Il-targeting agents having the ability to enhance topo II- 
mediated DNA cleavage were screened using the linearization assay under the reaction conditions provided 
by the supplier of the enzyme (Topogen, Inc). Briefly, 20-pLl reaction mixtures contained 30 mM tris-Cl, 
pH 7 .6, 3 mM ATP, 1 5 mM mercaptocthanol, 8 mM MgCiz, 60 mM NaCl , 1 \il of the test agent if necessary, 
0.3 jxg of pU<I8 DNA, and 10 units of human topo II (added last). After a 30-min incubation at 37**, SDS- 
proteinase K was added and following a 1 5-min incubation at 37®, samples were extracted with CHClj and 
electrophoresed on a 1 % agarose gel containing 0.5 jxg/ml ethidium bromide. Gels were photographed, and 
photographic negatives were scanned using a Hoefer GS300 scanning densitometer. After integration of the 
three bands, linear DNA was expressed as percentage of total DNA. 
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DISCUSSION 
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^ ^St^ and Sims <1) did not mention our work of 1968 
^HrS t^ results of antioxidant activities m 
Stro aS^^vh^o of 6.7.4'-trihydwxyi8ofl^vone were 
rep" t^togeth«- with discusrfon. The «««« *^ 
•^jriflUnn of fi 7 4'.trihydroxyisoflavone is Gyfirgy et ai. 
^ Sd loV the teS^of protlS^tion of peroxide develop- 
SlnTon tL addition of as little as 10% tempeh od to 
foyU^ oFis Oj^rgy et al. (7> and not Oyorgy et aL 

lTS^XTf% (5). anUoxidants are dassi. 

action: elvain breakers (or free radical wJ>*iJf>">'P"' 
S d^mpo^ra. and metal inacttvat«*.FlavonoId8 
Slrwere reported to act as chain breakera as weU aa 
mltal biactivators. Chelated qwersatla wvth cupnc .ctn 
f^^eTSdSable lo« of antioxidant activity vrhen 

Vl^ir"^^;-' -.Jjf ^V?A teat clearly Indicated 
thaU 7 4'-'^tiH''droyvjsofl.wo^'f tho 0.68 aubstarice 
prSecwd well againat oxygen consumption for about a 



lo-min t«st period- Other reasons for stability oi tenipeh 
wd^SaSisms for its atabflity should be studied 
further. 
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r = rbiin'aSS: we^'treated with only three single doses of 
genistein (16). peroxidation and production of reac- 
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can also be generated in biological systems by dark reactions, e.g., lipid 
peroxidation, and by enzyme reactions such as those catalyzed by lactoper- 
oxidase, lipoxygenase, and chloroperoxidase (19). This report examines the 
mhibition of microsomal lipid peroxidation and the ability of singlet oxygen 
quenching of some new isoflavones and isoflavans and compares the anti- 
oxidant properties of these isoflavonoids with established antioxidants such 
as a-tocopherol, ubiquinol-10, quercetin, rutin, and butylated hydroxytol- 
uene. 



MATERIALS 

The isoflavonoids were synthesized at the Institute for Physiological Chem- 
istry, the University of Bonn. Butylated hydroxytoluene, ubiquinone-10, 
rutin, and quercetin were purchased from Aldrich (Steinheim, Germany), 
and RRR-a-tocopherol was a gift from Hehkel (Dusseldorf, Germany). 
UbiquinoI-10 was prepared from ubiquinone-lO by dithionite reduction. 
ADP, NADP*, glucose-6-phosphate, and glucose-6-phosphate-dehydro- 
genase were from Boehringer (Mannheim, Germany). 
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MEASUREMENT OF MICROSOMAL LIPID PEROXIDATION 



oxyge 



Microsomes (0.5 mg protein/ml) were incubated in 0,1 M KPi buffer, pH 
7.4, t = 37**C. Lipid peroxidation was initiated with premixed ADP 
(1 mM)/FeCl3(10 ^M), and NADPH regenerating system, containing 
NADPH"^ (0.4 mM), glucose 6-phosphate (10 mM), glucose-6-phosphate 
dehydrogenase (5 units/ml) as described previously (20). Reactions were 
started by addition of NADP"^. Lipid peroxidation was assayed at the TBA 
test. Malondialdehyde (MDA) equivalents were estimated by the formation 
of thiobarbituric add-reactivc substances using €535 156mM"'cm''. 



GENERATION AND QUENCHING OF SINGLET OXYGEN 

Singlet oxygen was generated chemically by thermal decomposition of the 
endoperoxide of 3,3'-(l,4-naphthylidene) dipropionate, NDPO2 (21). At 
37 3 mi methanol/chloroform (50 : 50) were placed in a thermostatted 
cuvette. Reactions were started by injection of 5 mM NDPOj. The singlet 
oxygen quenching constants were calculated according to Stern- Volmer 
plots, from Sq/S = 1 + (kq + kr)*[Q]*I, where So and S are chemilumi- 
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nescence (1270 nm) intensities in the absence and presence of quenchers, 
respectively; [Q] is the quencher concentration, and I is the lifetime of 
singlet oxygen. 



INHIBITION OF LiPID PEROXIDATION AND SINGLET 
OXYGEN QUENCHING 

The half-inhibition concentrations of isoflavones and isoflavans (Fig. 1) on 
microsomal lipid peroxidation are presented in Table I. The most effective, 
isoflavone (compound 1) and isoflavan (compound 6). showed similar anti- 
oxidant activity. These compounds inhibit lipid peroxidation about 1.5-fold 
or 70-fold more strongly than BHT or a-tocopherol, respectively. The val- 
ues for the investigated isoflavans are in a narrow range of 0.6-1.9 fiM, 
while for isoflavones the values were 0.6-16.1 pM and >60 pM. Among 
the isoflavones the 7,8-dihydroxyisoflavone isomers (compounds 1 and 4) 
exhibit stronger antioxidant activity than the 6,7-dihydroxyisoflavone iso- 
mer (compound 2). Also, 7-hydroxy-8-methyl-isonavone (compound 3) 
demonstrated less potent antioxidant activity than compounds 1 and 4. 

A similar structure-activity relationship was also observed for singlet 
oxygen quenching. 7,8-Dihydroxyisoflavones (compounds 1 and 4) were 
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Rgure 1 Structures for isoflavones and isoflavans. 
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more efficient singlet oxygen quenchers than 6,7-dihydroxyisoflaYone 
(compound 2). Substitution of tlie methyl group at position 8 (compound 
3) did not lead to a strong decrease of singlet oxygen quenching ability as in 
the case of antioxidant activity on microsomal lipid peroxidation. 

There was no strong specific relationship for inhibition of lipid perox- 
idation or singlet oxygen quenching for different substituents among the 
tested isoflavans. However, 6,7-dihydroxyisoflavans (compounds 6 and 7) 
exhibit slightly higher antioxidant and singlet oxygen quenching ability than 
7,8-dihydroxyisoflavans (compounds 8 and 9). On microsomal lipid peroxi- 
dation, the isoflavonoids proved to be on average two to five times more 
active antioxidants than quercetin (Table 1), one of the most potent antioxi- 
dants in the group of flavonoids. 

Ampng.the investigated isoflavonoids, compound 1 was the^most ef- 

fective singlet oxygexTquencher, with an overaff quWchirfgTo^ ofT.6 
X 10* M''s*'. a-Tocopherol showed sunilar efficiency (22). The estab- 
lished phenolic antioxidants such as BHT, quercetin, and rutin exhibited 
lower singlet oxygen quenching constants by about two orders of magnitude 
(Table 1). 

Sing let oxygen is reactive and causes damage to DNA by preferentially 
reacting with guanine (23,24), can inactivate herpes simplex virus type I, 
and may act as a mediator of virucidal effects in photodynamic procedures 
(25,26). The flavonol rutin (0.35 mM) allows inactivation of platelet- 
associated vesicular stomatitis virus with the retention of platelet integrity 
upon photoinactivation by aminomethyltrimethylpsoralen and UVA (27). 
Rutin exhibits a relatively low singlet oxygen quenching rate constant (8 x 
itf M"' s"') (Table 1). For example, the decay constants of singlet oxygen 
in H2O are in the range of 3-5 x itf s"* (28). It appears that rutin cannot 
protect the virus and cells from direct singlet oxygen damage but can inhibit 
subsequent lipid peroxidation in membranes initiated by singlet oxygen 
(29,30). 

Singlet oxygen also causes pathological conditions such as alterations 
in the riespiratory epithelium (31). It is interesting to note that the singlet 
oxygen quenching ability of phenolic compounds correlates with their ca- 
pacity to protect against benzo(a)pyrene-induced neopla^^^^^ The ability s 
of the new isoflavonoids to inhibit ini'crosomal lipid' peroxidation an3 to \ 
quench singlet oxygen, as shown here, and 5-lipoxygenase as shown in Ref . 
5, points to a potential use of these compounds for therapy in free radical \ 
pathology. 

Other biological effects of isoflavonoids that have been demonstrated 
may be independent of their antioxidant activities. For example, the anti- 
carcinogenic action of isoflavonoid is correlated with binding to estrogen 



I 



300 



Briviba et al. 



m 

feii 



i 



m 



receptors, antiproliferaUve action with regard to breast cancer cells, or 
inhibition of tyrosine kinases (33). 

ACKNOWLEDGMENT 

This study was supported by the Deutsche Forschungsgemeinschaft, SFB 
503, Project Bl. 

REFERENCES 

I Rice-Evans CA. Miller NJ, Paganga G. Structure-antioxidant activity relation- 
' ships of navonoids and phenolic acids. Free Rad Biol Med 1996; 20:933-956. 
2. Jha HC. Recklinghausen G. Zilliken FW. Inhibition of in vitro ™^somal 
Upid peroxidation by isoflavonoids. Biochem Pharmacol 1985; 3^. 1367-1369. 

3 Varina S Inhibition of aldose reduction by flavonoids. In: Cody V. Middleton 
" E. Harborne JB. eds. Plant Flavonoids in Biology and Medicine: Progre« in 

Clinical and Biological Research. Vol 213. New York: Alan R. Liss. 1986:343- 
358 

4 Kuhl Ph. Shiloh R. Jha H. Murawski U. ZiUiken FW. 6,7.4'-Trihy- 
' droxyisoflavan: a potent and selective i'^^bitor of porcine 5-Upoxygenase m 

human and peripheral blood leukocytes. Prostaglandins 1984; 28:783-804. 
VoI5 C. Sepulveda-Boza S. Zilliken FW. New isonavonoids as inhibitors of 
porcine 5-lipoxygenase. Biochem Pharmacol 1992; 44:157-162. 
Hirano T. Gotoh M, Oka K. Natural flavonoids and Ugnans are POtent qrto- 
static agents against human leukemic HL-60 ccBs. Life Sd 1994; 55:1061- 
1069 

7 Fotsis T. Pepper M. Adlercreutz H, Hase T, Montesano R, Schweigerer L. 
Genistein, a dietary ingested isoflavonoid inhibits cell proliferation and m 
vitro angiogcnesis. J Nutr 1995; 125:790S-797S. 
8. Sharma RD. Isoflavones and hypercholesterolemia xn rats. Lipids 1979. 14. 
535-540 

9 Akiyama T. Ishida J, Nakagawa S. Ogawara H, Watanabe S. Itoh N, Shibuya 
M, Fukami Y. Genistein. a specific inhibitor of tyrosine-specific protein ki- 
nases. J Biol Chem 1987; 262:2292-5595. 

10 Tomonaga T. Hayashi H. Taira M. Isono K. Kojima 1. Signaling pathway 
other than phosphatidylinositol turnover is responsible for constant cxpreaion 
of c-myc gene in primary cultures of rat hepatocytes. Biochem Mol Biol Int 
1994; 33:429-437. 

1 1 Heruth DP. Wcimore LA. Leyva A. Rothberg PG. Influence of protein tyro- 
sine phosphorylation on the expression of the c-myc oncogene m cancer of the 
large bowel. Cell Biochem 1995; 58:83-94, 

12. Hoffman R. Potent inhibition of breast cancer cell lines by the isoflavonoid 



5. 



6. 



Lipid P< 

kie 
21 : 

13. Fn 
gei 

14. Mi 
re\ 

15. Ac 
oe: 

16. La 
pv 

17. Ef 
26 

18. Hi 
sic 

19. Ki 
In 

20. Sc 
lo; 
ch 
D: 
of 
th 
2i 
K 
ol 
1( 

23. S< 

Pl 
ti: 
D 
ti 
r€ 
N 
cl 
cl 
B 
\v 
it 
P 
N 
e 
c 

28. V 

\i 
C 



21. 



22. 



24. 



25. 



26. 



27 



<aetal. 



Lipid Peroxidation and Singiet Oxygen Quenching 



301 



ills, or 



SFB 



lation- 

-956. 

isomal 

-1369, 

dleton 

ress in 

6:343- 

Trihy- 
lase in 

ors of 

:cyto- 
1061- 

rer L. 
jid in 

9; 14: 

ibuya 
in Ici- 

:hway 
^ion 
Dl Int 

tyro- 
>fthc 

)noid 



kievttone: comparison witti gemstein. Biochem Biophys Res Commun 1995; 
211:600-606. 

13. Franke AA, Custer LJ, Cema CM, Narala KK. Quantitation of phytoestro- 
gens in legumes by HPLC. J Agri Food Chem 1994; 42:1905-1913. 

14. Messina M, Persky V, Setchell KDR, Barnes S. Soy intake and cancer risk: a 
review of in vitro and in vivo data. Nutr Cancer 1994; 21:1 13-131. 

15. Adlercreutz H, Markkanen H, Watanabe S. Plasma concentrations of phyto- 
oestrogens in Japanese men. Lancet 1993; 342:1209-1210. 

16. Lamartiniere CA, Moore J, Holland M. Barnes S. Neonatal genistein chemo- 
prevents mammary cancer. Proc Soc Exp Biol Med 1995; 208:120-123. 

17. Epstein JH. Chemical phototoxicity in humans. J Natl Cancer Inst 1982; 69: 
265-268. 

18. Hasan T, Khan AU. Phototoxicity of the tetracyclines: photosensitized emis- 
sion of singlet delta oxygen. Proc Natl Acad Sci USA 1988; 85:4604-4606. 

19. Kanofsky JR. Singlet oxygen production by biological systems. Chem-Biol 
Interact 1989; 70:1-28. 

20. Scheschonka A, Murphy ME, Sies H. Temporal relationships between the 
loss of vitamin E, protein sulfhydryls and lipid peroxidation in microsomes 
challenged with different prooxidants. Chem-Biol Interact 1990; 74:233-252. 

21 . DiMascio P, Sies H. Quantification of singlet oxygen generated by thermolysis 
of 3,3'-(l,4-naphthylidene) dipropionate. Monomol and dimol emission and 
the effects of 1,4-diazabicyclo (2.2.2)octane. J Am Chem Soc 1989; 11:2909- 
2914. 

22. Kaiser S, DiMascio P, Murphy ME, Sies H. Physical and chemical scavenging 
of singlet molecular oxygen by tocopherols. Arch Biochem Biophys 1990; 277: 
10N108. 

23. Schneider JE, Price S, Maidt L, Gutteridge JMC, Floyd RA. Methylene blue 
plus light mediates 8-hydroxy-2'-deoxyguanosine formation in DNA preferen- 
tially over strand breakage. Nucleic Acid Res 1990; 18:631-635, 

24. Devasagayam TP A, Steenken S, Obendorf MSW , Schulz WA, Sies H. Forma- 
tion of 8-hydroxy(deoxy)guanosine and generation of strand breaks at guanine 
residues in DNA by singlet oxygen. Biochemistry 1991; 30:6283-6289. 

25. Muller-Breitkreutz K, Mohr H, Briviba K, Sies H. Inactivation of viruses by, 
chemically and photochemically generated singlet molecular oxygen. Photo- 
chem Photobiol B Biol 1995; 30:63-70. 

26. Rywkin S, Lenny L, Goldstein J, Geacintov NE, Margolis-Nunno H, Horo-« 
witz B. Importance of type I and type II mechanisms in the photodynamic 
inactivation of viruses in blood with aluminum phthalocyanine derivatives. 
Photochem Photobiol 1992; 56:463-469. 

27. Margolis-Nunno H, Robinson R, Ben-Hur E, Horowitz B. Quencher- 
enhanced specificity of psoralen-photosensitized virus inactivation in platelet 
concentrates. Transfusion 1994; 34:802-810. 

28. Wilkinson F» Brummer JG. Rate constants for the decay and reactions of the 
lowest electronically excited state of molecular oxygen in solution. J Phys 
Chem Ref Data 1981; 10:809-999. 



302 Brivibaetal. 

29. Afanas'ev IB, Dorozhko AI, Brodskii V, Kostyuk A, Potapovitch AI. Chelat- 
ing and free radical scavenging mechanisms of inhibitory action of rutin and 
quercetin in lipid peroxidation; Biochcm Pharmacol 1989; 38:1763-1769. 

30. DeWhalley CV, Rankin S, Hdult JRS, Jessup W, Leake DS. Flavonotds in- 
hibit the oxidative modification of low density lipoproteins by macrophages. 
Biochem Pharmacol 1990; 39:1743-1750. 

31 . Eisenberg WC, Taylor K» Schiff LG. Biological effects of single delta oxygen 
on respiratory tract epithelium. Experientia 1984; 40:514-515. 

32. Scurlock R, Rougee M, Bensasson RV. Redox properties of phenols, their 
relationships to singlet oxygen quenching and their inhibitory effects on benzo- 
(a)pyrene-induced neoplasia. Free Rad Res Commun 1990; 8:251-258. 

33. Herman C, Adlercreutz T, Goldin BR, Gorbach SL, Hocherstedt KAV, Wata- 
nabe S, Hamalainen £K, Markkanen MH, Makela TH, Wahala KT, Hase TA, 
Fotsis T. Soybean phytoestrogen intake and cancer risk. J Nutr 1995; 126: 
757S-770S. 



"S 

CD 



8 



a> 

a 

CD 

& 
S 

2. 



O 
Q} 



cr 
Q 



CD 
Q. 

Ql 

=3 
CD 

cr 



to 

3 
CL 

B 

fU 

*< 

w 

8 
f 



CO 

9 
1 



1 

dures. 



MycoL Res, 98 (12): 1376-1375 (1994) Printed in Great Britain 




1376 



Structure-activity relationships among isoflavonoids with 
regard to their antifungal properties 



MARTIN WEIDENBORNER AND HEM CHANDRA JHA 
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In order to establish a structure-activity relationship in the class of isoflavonoids, 16 differently substituted isoflavonoids were tested 
against Allemaria allemata, Cladosporium herbarum, Fusarium oxysporum and Trichoderma harzianum. The isoflavanones, 6,7-dihydroxy- 
4'methoxy- and 7-hydroxy-8,4'-dimethylisoflavanone showed highest antifungal activity in the case of C. herbarum as test fungus. 
The unreduced structure of the isoflavones has less inhibitory effect on the growth of the test fungi, whereas the completely reduced 
isoflavones, i.e. the isoflavans, showed only a very weak activity. 



Isoflavonoids are products of secondary plant metabolism 
which possess significant antimicrobial activities (e.g. Van 
Ettea 1976; Wyman & Van Etten, 1978; Kaplan ei al, 1980). 
Their utilization as natural plant protectants has been discussed 
and may be an alternative to conventional pesticides 
(Mansfield & Bailey, 1984). However, in this connection 
positive as well as negative results have been reported 
(Rathmell & Smith, 1980; Weidenbomer ei al, 1992). For a 
more successful application detailed informations about 
structure-activity relationships are necessary to increase the 
knowledge about the antifungal potential of isoflavonoids. 
Although there are several studies'which try to clarify this 
phenomenon (Ben-Aziz, 1967; Perrin & Cruickshank, 1969; 
Biswas el al, 1981 ; Amoldi & Merlini, 1990; Weidenbomer & 
Jha 1994) no general rule could be established predicting the 
fungicidal properties of these natural compounds up to now. 
In the following investigation 16 different isoflavonoids in 
gradually reduced states (isoflavone, isoflavanone, isoflavan) 
carrying various substituents at different positions have been 
tested against four fungi occurring on grain and protein 
enriched seeds (Weidenbomer & Hindorf, 1989; 
Weidenbomer & Kunz, 1993). As some conventional 
fungicides contain halogen atoms in their molecules, three 
halogen substituted isoflavonoids have also been included in 
this study. 

MATERIALS AND METHODS 

The four moulds Altemana allemata (Ft.) KeissL, Cladosponum 
herbarum (Pers.) Link ex Gray, Fusarium oxysporum Schltdl. 
and Trichoderma harzianum Rifai used in this investigation 
belong to the group of field fungi and have been isolated from 
various legume seeds (Weidenbomer & Hindorf, 1989). 



The effect of the isoflavonoids on growth of the test fungi 
was investigated in solid medium. The medium contained 
30 g malt extract, 15 g agar and 3 g peptone distilled 
water, pH 5-3. The isoflavonoids were dissolved in acetone, so 
that the final concentration of solvent in the medium was 
1-1%. Medium (15 ml) including the particular compounds in 
required concentrations was transferred to Petri dishes (90 mm) 
and inoculated with one small piece of mycelium (1 mm 
diam.). The dishes were incubated at 25 °C in the dark. 

Sixteen isoflavonoids (Fig. 1) were tested at two 
concentrations for their activity on mycelial growth of the 
fungi. Because phytoalexins exhibit fungicidal activity in 
concentrations of 10"^-I0"^ m (Van Etten & Bateman, 1971; 
Smith, 1976), concentrations of 2 and 8 x lO"** m were used in 
these tests. The isoflavonoids have been synthesized in the 
Institute of Physiological Chemistry of the University of 
Bonn, Germany (H. C. Jha, personal communication). 

Mycelial diameters of 7". harzianum. A, allemata, F. oxysporum 
and C. herbarum were measured after 3, 7, 7 and 14 d 
respectively. Evaluation was carried out by measuring the 
diameter of the colonies three times at different sites. The 
mean value of 6 repetitions for each concentration and fungus 
was used for calculation. The data were evaluated by analysis 
of variance. Probability of single differences was calculated at 
the 5 % level All data are statisHcally significant at this level. 

RESULTS AND DISCUSSION 

This investigation shows that the unsubstituted isoflavone (1) 
inhibits the growth of C. herbarum, F, oxysporum and T. 
harzianum preferentially in lower concentrations of 2 x 10"^ M. 
Increase of the concentration to 8 x 10"* m had an adverse 
effect on the activity (Table 1). In the case of A. allemata even 
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1 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 



-6-4 
-11-5 
-9-8 

-9-3 
-6-8 

-2-4 

-100 
♦ 

-5-3 
-20-8 
-12-6 
-6-8 
+ 3-2 



8 

+ 25-8 
-3-5 
— 9-6 
-61 
-161 
-15-6 
-25-9 
+ 8-7 
-27-5 
-20-5 

-5-6 
-251 
-19-0 
-20*5 
+ 13-5 



2 

-32-5 



-8-7 



+ 21-0 



-40-4 - 



-12-6 
-12-3 



means no significant growth inhibitio n, data not presented. 



A 
O 


2 


8 


2 


8 


-13-4 


-268 


— 20-5 


-28-6 


-11-9 


-16-4 




* 


• 


* 




-15-9 


-16-6 


-18-4 


-60 




-29-2 


-271 


-43-9 


-33-4 


* 


-9-2 


-13-4 


• 


-7-6 


-8-5 


-11-8 


— 23-8 


• 


-7-8 


* 


-7-4 


-35-7 


• 


-15-4 




-5-3 


-13-9 


+ 4-6 


+ 5-6 


-18-2 


-12-6 


-45-8 




-22*5 


-52-7 


• 


— 19-8 


-1-8 


-2-8 


-581 


-5-3 


-18-3 








-1-9 


-3-1 








-31-2 


-351 






-12-6 




-II-O 


— 1-7 




-22-9 


-8-3 


-38-8 








■ -2-7 


-15-0 








1:R, = R2 = R3 = R4=R5 = R6 = H 

2 : R, = R3 = = = H, R2 = R5 = OH 

3 : R, = R3 = R4 = R^= H, R2 = OCH3, R5 = OH 

4 : R, = R4 = R, = H, R2 = OCH3, R3 = R5 = OH 

5 : R, = R3 = R^ = H, R2 = OCH3, R4 = R5 = OH 

6 : R, = R3 = R4 = H, R2 = OCH3, R5 = R^ = OH 

7 : R, = R3 = R, = H, R2 = CH3, R5 = R6 = OH 

8 . R, - R3 = Re = H, R2 = R4 = R5 = OCOCH3 

9 : R, = F, R2 = R3 = R4 = H, R5 = R, = OH 





10 : R, = R5 = H, R2 = OCH3. R3 = R4 = OH 
• f^i ^ R3 = H. R2 = CH3, R4 = R5 = OH 

12 : Rj = R5 = H, Rj = R4 = OH, R, = OCOCH, 

13 : R, = R2 = CI. R3 = R5 = H, R4 = OH 





4 : Ri = R5 = H, R2 = OCH3, R3 = R4 = OH ' 
« : R, = R3 = H, R2 = CH3, R4 = R3 = OH 
16 : R2 = R3 = H. R, =r F. R4 = R, = OH 

1. Isoflavonoids tested for acHvity on mycelial growth of fungi. 



a growth promoting effect was observed in both the 
concentrations. Hydroxylation at 7 and 4'-positions (2) which 
is very common with naturally occurring isoflavonoids, did 
not bring any advantage; whereby the methylation of the 4'- 
OH group (7) indicated an upward trend as regards the 
activity (Table 1). Only in the case of C. herbarum was the 
7,8-dihydroxy-4'-methylisofIavone (7) less active than the 
corresponding hydroxy-compound. 

The modest activity of 7-hydroxy-4'-methoxyisofIavone 
(3) in the present study was also demonstrated by Van Etten 
(1976). Keeping the methoxy substituent intact at 4'.position, 
the dihydroxylated A-ring compounds (4, 5, 6) were tested 
for their fungicidal properties. The 5,7-dihydroxy.4'- 
methoxyisoflavone (Biochanin A. 4) was the most active 
substance against 7. harziamim in the lower concentration 
(Table 1). This result is corroborated by our previous investi- 
gation (Weidenborner al. 1990^) where this substance 
caused inhibition rates of 79-6 and 908% in the case of 
Rhizoclonia solani and Sclerolium rolfsii, respectively. The other 
two isomers (5 and 6) inhibited the growth of all test fungi to 
a minor extent, only (Table I). As the 7,8.dihydroxy-4'- 
methoxyisoflavone (6) showed an inhibition of f. oxysporum 
up to 23-8% two more derivatives in this series, viz. 7,8- 
dihydroxy-4'-methyi- and 7,8-dihydroxy-3'-fluorisoflavone (7 
and 9) were included as test substances. It is of great interest 
that the substituents -CH3 or -F in ring B contribute towards 
making the 7,8-dihydroxyisoflavone more active against f. 
oxysporum. Isoflavones with methyl groups and halogen atoms 
(F, CI, Br, I) at other positions in ring B are being tested 
presently to discover more active antifungal substances. 
Unfortunately, no isoflavones containing three substituents in 
ring A were available to confirm the assumption of Johnson el 
al. (1976) that they lead to a higher antifungal activity than 
only two or one substituent. As their acetylated derivatives 
are more lipophilic than the corresponding hydroxy com- 
pounds, the 6,7,4'-triacetoxyisoflavone (8) was also tested for 
its inhibitory activity. The inhibition value of only 13-9% 
against F. oxysporum and the growth-promoting effect in the 
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case of other fungi subscribe to the observation of Stossel 
(1985) regarding the influence of iipophih'city on the antifungal 
activity. 

Among the tested isoflavanones, the 6,7-dihydroxy-4'- 
methoxy- and the 7,8-dihydroxy-4'-methyl-derivative (10 
and 11) proved to be the most active ones. As in the case of 
isoflavones the methyl substituent in B-ring of the isoflavanone 
proves to be conducive to the inhibitory effect. Again the 
substantial activity of 7-hydroxy-3',4'-dichloroisoflavanone 
(13) against F. oxyspomm shows that the halogenation of ring 
B could lead to more active substances (Table I). The 
acetylation had a negative effect on the fungicidal activity as 
evidenced by 6,7-dihydroxy-3'-acetoxyisoflavanoned2). The 
substantial antimicrobial potential of the isoflavanones is 
confirmed by the result of other authors, too (Wyman & Van 
Ettea 1978; Fraile el al, 1982), as well as by our own 
experiments (Weidenbomer ei al, 1987). It seems that two 
hydroxyl groups guarantee at least a moderate antifungal 
activity (Weidenbomer et aK 1990^) because Kramer el al 
(1984) tested four isoflavanones with other substituents which 
were all inactive. The introduction of another hydroxyl group 
(isoferreirin) even seems to enhance the fungicidal potential of 
isoflavanones (Adesanya el al, 1986). Nevertheless, in our 
studies the 5,7,4'- and the 6,7,4'-trihydroxyisoflavanone did 
not show any considerable activity (Weidenbomer el al, 
1990 fl, b). On the other hand kievitone and its two derivatives 
(5-deoxykievitone) and 3'-(yy-(dimethylaIiyl)-kievitone were 
highly active isoflavanones mainly due to the presence of a 
dimethylallyl side chain (Wyman & Van Etten, 1978; O'Neill 
& Mansfield 1982; Adesanya el aL 1986). 

The isoflavans proved to be poor antifungal compounds in 
this investigation. This result is totally contrary to what we 
found out in the past. It is surprising that the 6,7-dihydroxy- 
4'-methoxyisoflavan (14) is completely ineffective against the 
tested fungi; although the substance caused more than 96% 
inhibition against Eurolium spp. (Weidenbomer el al, 1990 1). 
Similarly in a previous study another isoflavan (6-methoxy- 
7,4'dihydroxyisoflavan) showed substantial activity against 
three food-contaminating fungi (Kramer el al, 1984). In the 
present investigation the 7,8-dihydroxy-4'-methyIisoflavan 
(15) caused only minor inhibition rates (Table 1) although the 
6,7-dihydroxy-3'-methylisoflavan isomer was the most active 
compound with inhibition rates between 73-2 and 98 3% 
against five fungi of the genys Aspergillus (Weidenbomer el al, 
1990 i?). It is interesting to note that O'Neill & Mansfield 
(1982) found a negative correlation between the degree of 
isoflavan methylation and the fungicidal activity which was 
not confinmed by the results of Ingham (1977). 

Although these results further contribute in clarifying 
shaicture-activity relationships of isoflavonoids more data are 
still necessary to establish definite rules to predict the 
fungicidal potential of these natural compounds. 
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SUMMARY 

Many chromonc. o-Dihydroxydcsoxy-bcnzoine, 3-Phenyicumarine and several 3-Phenylchromenc- 
(3) were prepared for invesiigaiion of siruciurc-aciiVity relauonship and antioxidative characierisiics. The na- 
ture of the structures were confiimed by physical chemical methods. 



ZUSAMMENFASSUNG 

Zur Uniersuchwung dcr anlioxidaiiven eigcnschaficn und dcr Siniktur-AktivitStsbezichungcn wurden 
zahlrcichc Chromonc. o-Dihydroxydcsoxy*bcnzoinc, 3-Phenylcumarinc und einige 3-Phcnylchromcnc-(3) 
hergcsiclJu Die Authcntizitai ihrcr Sinikiurcn wurdc durch physikalisch-chemischc Mcthodcn sichcrgesicllL 

S-I'hcnylchromene-O) wurden zum crstcn Mai aus Isoflavonen durch NaBH^3B03 criialien. Fcmer 
wurden auch die 3-Phcnyipumarine crfolgreich mil Diisobuiylalominiumhydrid (DIB AH) zu 3-Phenylchromc- 
nc-(3) gcfuhn. Dicse wurden durch die 10% igc Palladium/Aktivkohle m Isoflavancn hydriert. 

Die antioxidativen Eigcnschaften alle dicser substanzen wurden bezitgUch threr Schutzwirkung auf 
Viumin-£*freies Schweineschmalz in der Konzentration (50, 125, 250 ppn)) im 72-Siunden-Test gcpruft. 



EINLEITUNG 

Die Pflanzcnphenole, die u^. die Vorsiufc der Flavonoide (Flavone und Isoflavo- 
ne) darsiellcn, wciscn pharmakologische Akiivitaien auf. Zur Untersuchung der antio- 
xidativen Eigenschaficn (hohc Affiniial zu SauerstofQ und der Struklur-Aktiviiatsbczie- 
hungen wurden zahlreiche Chromonc, o-Dihydroxydesoxybcnzoinc, 3-Phenylcumarine 
und neue synthetische 3-Phenylchromene-(3) und deren Hydrierungsprodukie, Isoflava- 
ne, vorgenommen. 
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2 '^BHi/HsBOa 





lla.R(OH)/^(H) 
lb. R(OH 1 R,{OCH.) 



I'c. RR|(OH) 

He. R(H ) Rj(0CH3 ) 



I Pd/C{IOV« 
I • H2 




Ilia. R(H)R,(0CH3) 
lllb. R(OH)RitH ) 
lllc. RtOHlR/OCHj) 

ine.RRilOH) IVa.R(OH}R,(H) 

' (Vb-R(OH) R^(0CH3; 

IVc. RRi{OH) 

AbbLcUung 1: Isofbvan-S)Ttthese uber Isoflavoie bzw. 3-Phenyicnimaiine 
EXPERIMENTELLES 

Synthese dcr [soflavene (3-Phenylchromene-(3) 

2-Hydroxydesoxybciizoinc werden nach Dyke ei aus Phenolen und Phcnylaceloniirilen gewon- 
ncn. Die 2-Hydroxydesoxybcnzome wurdcn nach Bass^ zu Isonavoncn ffl gefuhtt Die folgende Versuchsbe- 
schreibung soil als Beispid fur die allgcmeine Methods zur Dantellung der Isoflavene (3-Phenylchrainene- 

(3))(n)diencn: 

6,7-DihydroxyIsonaven (Ila) aus 6,7-Dihydroxyisoflavon (la) ' - 

1.3 g (3 mmol) 6,7-Dihydroxyi$oflavoo wmdenut wchig absoluiem Ethand gdSsi und ponionsweise 
mil dreifadier molarer Menge an NaBH^ veiseizt und anschliepend lOD mg H3BO3 zugegeben. 

Nachdem die heftige H2-Entwicklunj| nachgelassea hane (2-3 Sbinden). wurde unter RuckfluB fiber 
NachtgekochL 

Man saueri mit konz. HCi an und verdunnt auf das doppelie Vol ume; arischliePcnd wurdc aus gee- - 
ihcTt und die Eiherphase mil Benzol: Ethanoi im Rotaiionsverdampfer getrockneL Umkrisialiisation aus Eiha- 
nol licfert 0.9 g Isoflaven (Ila). 



Schmp. 152"C 

C,5H|203 



Bcr.:C75.0 H 5.0 
Gef.: C 75.01 H 5.01 



MS:m/e = 240 (M*)- 
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6»7*Dihydroxy*4'-methQX>1sonaveii (lib) 
Schtnp. 142^ 

C15HJ4O4 Bcr.: C 71.10 H 5.50 

^ - - Gef.: C 71.09 H 5.50 • 

MS:in/fc = 270 (Mn 

6,7,4*-Trihydroxyisoflaven-(:?) (lie) 
Schmp. 175*»C 

CisHijO* Ben: C 70.03 H 4.661 

Gef.: C 70.03 H 4.66 
MS:in/e = 256 (M*) 

Zur weiicren Beslaiigung dcr Isoflavcnsinjktur wurdcn einige MilligTamni in Ethanol in Gegenwart von P/C 
(10%) zu Isoflavan hydrien. Die hydiicnen Produkie von IsoOavcnen waren tdenlisch (DC, MC) 

6,7-Dihydroxyis<rf1avftn (IVa) 
Sahmp. 173^ 

C13H14O3 Bcr. : C 74,38 H 5.78 

Gef.: C 74.1 8 H 5,91 
MS:m/e = 242 (M*) 
6,7-Dihydroxy-4'-ircthoxyisonavan (IVb) 
Schmp. 165-166''C 

Ber.: C7a58S H 11.294 
Gef.: C 70.572 H 11.31 
MS:m/e = 272 (M*) 
6,7,4'-Trihydroxyisonavan (IVc) 
Schmp. 210-21 

C16H14O4 Bcr.: C 69.767 H 9.762 

Gef.: C 69.761 H 9.765 
MS:ni/c = 256 (M*) 

Synthese der 3-Phenylcainarine (III) 

Die folgende Versuchsbeschreibung soli als Beispid fur die allgemeine Methode zur Darsiellung der 
3-Phenylcuroarine dienen : 

6,7-Dihydroxy-3«PhenylcumariR (Illb) 

1Z60 g (5a0 mmol) 1,3,4-Triaceioxybcnzol und 8.64 g (45.0 mrad) a-Foim^phenylessigsaureeihy- 
lester werden unter Eiskuhlung mit 50 ml 80-proz. Schwefelsiure versetzL Die Misdwng wird unter Ns-aimo- 
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spharc 1 h in der Kalic gcruhit und anschlicpcnd 15 min auf 80*0 crfiitzL Nadi don AUcOhlen vM mil 200 g 
Eis vcrsetzL Das Prazipitat wiid abfiltrieit und aus Ethanol umkristaQisieit: 

Schmp. 257-258°C (Ul 5: 

<»»7-Dih)rdroxy*3-(4'-nieUioxyphenjl) cumarin 

Schmp. 256*»C 

C16H12O5 Ben: C 67.60 H 4.22 

Gef.:C 67.49 H 4.32 
MS:m/c = 284 (M*) 

6»7-Dihydroxy-3-(4-hydroxyphenyl) cumarin 
Schmp. 300°C 

C15H10O5 Ben: C 66.66 H 3.70 

Gcf.:C 66.61 H3.76 
MS:m/e = 270 (M*) 

Neue Isofiaven-Synthese aus3-Phenylcuniarlnen 

Zunachsi wurdcn die cinfachcn 3-Phcnylc«marinc (HI) fur die Reduklion zu den 3-WienyIchromcnen 
(Isoflavencn) GI) in Bcirachi gezogen. Ah Reduklion smiuel crwics sich Diisobutylaluminiumjjydrid (DI- 
B AH) ah schr gecigncL Die Reduklion von (3-(4*-Mcthoxyphcnyl) cumarin Qlla) znra 4'-Mcihoxyisoflavcn * 
(He) dicnt als Proiotyp fur dicsc Reaklion: 

4*-Mcthoxyisona ven (He) aus 3.(4'-McUioxyphcnyO cumarin (Ila) 

Zu cincr Losung von 150.0 g (0.595 mmol) 3-(4-McthoxyphcnyI) cumarin in 10 ml wasserfreiem 
THF wild bci .70 bis -80«C (Accion/Trockcncis-Kuhlung) unicrN2, 03 ml (70 % ige Losung; 1.5 mmd) DI- 
BAH langsam getropfi. Das Gemisch wird einc Stunde bei Raumtcmpcralur gciuhit und vonicKtig mil 2N 
H2SO4 angcsauciL Nach wcitcrm 30 min Ruhioj wird die Mischung mil 10 ml Eiswasscr vcrscm und mil El- 
her cxirahicn (2x20 ml). Dcr Exirakt wini mil Wasser gcwaschen und fiber Na2S04 gdiockncL Nach Ein- 
dampfen in Vakuum und UmkrisuUisaUon aus Ethanol erhalt man 115 mg Produh. 

Schmp. 152»C 

QfiHwOj Ber.:C 67.22 H 5.88 

Gcf.:C 67.13 H 5.82 
MS:m/e:^238 (M*) 

Zur wciicren Besiaiigung der Isonavcn-Slruktur wurdcn cinigc Milligramm in Ethand in Gcgcnwan von 
Pd/C (10 %) hydriert. Das hydriene Produki war idcndsch (DC. MS und Elementaxanalyse) mil dem 4*-Mc- 
ihoxyflavan, das aus 4'-Meihoxyisoflavon zum Vcrglcich hcrgesicUl wurde. 

Schmp. 109^ 

CifiHiaOj Ber. : C 80.00 H 6.66 

Gcf.:C 79.89 H 6.62 
MS:m/e=240 (hT) 
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3*,4'-Dimcthoxyssonavcn aus 3-(3', 4'*Diniethoxyph€nyl} cumarin (Ille) 

0.5 g Cumarin werdcn, wie oben beschriebcn, durch Reduktion mit DIBAH zum S'^'-Dimethoxyiso- 
Haven Gberfiihn : 0.37 g. 

Schmp. 139*^ 

CnHifiOj Bcr.:C7dll H 5.97 

Gcf. :C76L23 H 6.01 
MS:m/c = 268 (MM 

Dieses Isoflaven wurdc in Eihanol mil Pd/C (10 %) zum 3*.4*-Dimelhoxy-isoflavan kaulytisch hydricn. 
Schmp. 83**C 

C„His03 Ber.:C 75.55 H 6.66 

Gcf.:C 75.41 H 6.41 
MS:m/e = 270 (M*) 

Metbodik Des Antioxidan5te.stes 

2.0 g Stripped Lard werden in 5 mi -Glasflaschchcn cingcwogcn. Von den Tcsisubstanzcn wird cine 
Summlosung in ChloroformA'Jcihanol (I:!, V/V) unbekannter Konzcniralion bercilct. Man wiegt jeweils 50 
^1 in dieser Siammlosung auf cincr Cahn-Mikrowaage ab und emiittcli so die in 50 fU enlhaltcne Mikrogiam* 
mcngc. Aus drci Wagungcn pro Tcsisubsianz wird dcr Miuclwcn bcrcdmei. 

In aUcn durchgcfiihncn Vorvcrsuchen konnten die folgenden Substanzkonzeniiationen fiir alle Aniio- 
xidanstesis als gccignct bcirachtci wcrdcn: 

TesuubsunzkoRzentration / 2 g Lard : 

100 }Xg/2 Lard =:50ppin 

250p g/2g Lard s 225 ppm 

500 ^ g/2 Lard = 250 ppm 

In cinigcn Fallen Jc nach dcm Umfang des Oxidanslcstes, wurdcn Konzentrationen nicdrigera]^ 50 
ppm Oder hdhcr als 250 ppm geiestet. Mil der Eppendorfpipeiie wird die gewunschie Konzcniralion dcr Sub- 
sianz in 2 g Laid durch Hinzufiigen des brrechneten Volumens der Testsubstanziosung in die Fetiilaschchcn 
erreichi. 

Damii die Subsunzlosung sich moglichsi gut mil Feu mischi, werden die Fiaschchen verschlosscn 
und im Wasserbad bet ca. 35'C untcr vorsichligem Drehen erwannL 

AnschlicPcnd werden sie gedffnei und 72 h im Ofen bet 6Q^C inkubiert. Aus diesen Proben werden 
genau 0.5 g Feu in 3(X) ml- Erlenmeyerkolben abpipcuicn. Dazu gibt man 10 ml ChloTX>fonm (um das Feu in 
Losung zu bringcn), 15 mi Essigsaure and 1 g Kaliumiodid. Der ganzc Kolbeninhalt wird 30 min auf dcm 
Wasseibad (100*^) zum Sieden erhitzL Anschlie^nd kuhh man die Erienmeyerkolben im Eisbad ab, ver> 
dunnl dcrcn Inhali mil 75 ml dcsi. Wasser und limen ihn gegen 0.001 N Nauiumihiosulfal -Losung, wobci 1-2 
Tropfen 1 % iger Staikeldsung als Indikaior dicnen. Aus dem ml-Verbrauch der Thiosulfatldsung der Proben 
ISBi sich die Schut/^rkung in Prozent berechnen. 

Zusammen mil jedem Tcsunsaiz wird cine KoniroUe (K) (nur Lard) unter gleichen Bedingungeri in- 
kubiert und cin Lecrwen (Lc) (nichi inkubiencs Feu dcr gleichen charge) besummt. Bcide Werte gchen in die 
spatcre Rechnung ein. 
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Berechnung der Schutzwlrkvng 

K = ml - Vcrbniuch 0.001 N Nairiuimhiosulfailosong dcr Komrollc 
Le = ml - Vcibrauch 0.001 N Nauiummiosaifatlosung dcs Lcerwcncs 
Pr sml - VerbnuichThiosulfatldsungderPioben 

ERBEBNISSE DER ANTIOXIDATIVEN WIRKUNG 

Die Ergebnisse sind den folgenden Tabellen zu entnehmea 




Tabclte: f - Aniioxidaiive Wiricung von Desoxybcnzoinen 



% Schui2wiricungt>ei 



Nr. 


Testsubsianzen : Dcsoxybcnzoinc 


50ppm 


125 ppm 


250 ppm 


1. 


2,4-DihydTOxy-5-raelhoxyphcnyl- 
benz)4ketoii 


5.6 


13J 


19.5 


1 


2.4.5-Trihydroxyphcnyl-3*,4'-dimethoxy- 
bcnzylkcion 


99.2 


99.4 


99.4 


3. 


2,4^-Trihydroxyphcnyl-2'-incthaxy- 
benz)dketon 


99.6 


99.9 


99.7 


4. 


2»4.5-Trihydroxyphcnyl-4'-propyloxy- 
benzyUceion 


99.6 


100.0 


100.0 


5. 


2,4,5-TnhydroxyphenyM**methQxy- 
benzylketon 


100.0 


99.4 


100.0 


d 


2,44-TrihydroxyphenyI-2'-baiyl- 
oxybcnzylkcton 


99.9 


100.0 


100.0 


7, 


2,4,5-TrihydroxyphenyM*-hydroxy- 
ben^lkeion 


97.2 


99.9 


100.0 


8. 


2.4,5-Tnhydioxyphenylben^lketoa 


96.9 


99.7 


99.3 


9. 


2-Hydroxy '5 -methoxyphenyM'-meihoxy- 
benzyUceton 








10. 


2-Hydroxy-4-med)oxyphenyl-4'-ineihoxy. 
ben^iketon 


49.7 


52.3 


54.1 
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Tabellc : I 







% 


Schuuwirkung bci 


Nr. 


Tcsisuh^Ui^zcn : Dcsoxyhcnzoinc 


50 ppm 




put II 


n. 


2,4- D ihycIroxy-3\4' -d imcihoxy bcnzy Ik clon 






I. 


12. 


2- Hydroxy -4 •meihoxyphtnyM'.meihoxy- 
bcnzylkcton 




- 




13. 


2,4.6-Trihydroxphcn>i-T,4\5'-iri- 
mcihoxybcnzylkcion 


11.6 


9.7 


5.3 


14. 


2,4.6-'!'rihydroxyphenyM • h\ J f t v\y- 
bcn7,yIkcion 


5.5 


12.8 


41.S 


15. 


2,4,6-TrihydroxyphcnyI-3'.4'"dimelhoxy- 
bcnzylkcion 




- 


• 


16. 


2- Hydroxy -3 .4-diincihoxypheny Ibcnzy Ikclon 




- 


- 


17. 


2-Hydroxy-3,4-difiicihoxyphcnyM'-hydroxy- 
bcnzylkeion 


- 






18. 


2- Hydroxy-4,5-d ijncihoxyphcnyl-3\4'- 

dip)cihoxybcnzyUceion 


3.3 






19. 


2,3 .4-Trihydrox)'phcny M' -mcihoxy • 
bcn^yikcton 


77.4 


94.8 


99.5 


20. 


2.4.5-TriaccloxyphcnyM*-mcthoxy 
bcnzylkcion 


40.0 


61.3 


53.5 


21. 


2-Hydroxy-4,5-dimcihox)'phcnyk3*,4'- 
dinicihoxybcTiz>'lkeU)n 


98.6 


100.0 


100.0 


22. 


2-Hydroxy-4^-dimcthQxyphcnyl-4'-mcrhoxy- 
bcnzylkeion 


- 


• 


- 


23. 


2- 1 Iydroxy-4^-diincihQxyphcnyl-4'-nitTO- 
benzyl kcion 


53.8 


26,9 


50.3 


24. 


2-Hydroxy-4,5-dimcihox>'phenyIbcnzylkcton 


- 




29.5 


25. 


. 2- Hydroxy-4,5-dimcihQxyphcnyl-4*-hydioxy- 
bcnzylkcion 










mcihoxybcnzylkcum 


32.0 


79*J 


95.3 


27. 


2,5- DihydrQxy-4-nicihoxyphcnyl-3\4*- 
dimcihoxybcn^lketon 


43.4 


71.2 


92.3 


28. 


2,5- Dihydroxy-4-meihoxyphenyl- 

bcnzylkeion 


35^ 


83.8 


912 


29. 


2,5-Dihydroxy-4-mcihoxyphcnyM'- 
hydroxybcnylkelon 


20.8 


54.0 


90.8 


30. 


2.4-Dihydroxy-5-mcthoxyphcnyl-4*- 
meihoxybenzylkcion 
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Tabcile: !!• Chroraonc 



% Schuizwiricung bci 

Nr. TcsisubsLanzcn : Chromonc SQppm 125 ppm 250 ppm 

1. 6-Hydroxy-7-mcihoxy-3-mclhyI- - 31 45.5 

2. 7-Hydroxy-6-meihoxy-3-meihyI- 40 * 45 51.9 

3. 6.7-Diiiydroxy-3-propyl- 18.8 45.6 89 

4. 6,7-Dihydroxy-3-isopropyl- * 10.6 34.2 • 

5. 6,7-Dihydroxy-3-mcihyl- - 50.6 83.2 

6. 6.7-Dihydroxy-3-cihyl- - 66.2 88 




TabcKle : 


Ill* 3-Phen^cuinarine 










% 


Schntzwirkung bci 


NY 


Testsubstanzen : 3-Phcnylcumanne 


50 ppm 


125 ppm 250 ppm 


" * 1. 


6,7-Dihydroxy-4'-incAoxy- 


99 


99.2 99.9 


2. 


6,7-Dihydroxy- 


99.1 


99.4 100 


3. 


6,7-4'-Trihydroxy- 


99.6 


99.8 100 
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Tabelle: IV^^3-Phcnylchiomenc-(3) 

% Schutzwirkung bci 



Nr. 


Tesuubsianzen : Iso(Iaven-(3) 


SOppm 


125 ppm 


250 ppm 


]. 


6J-Dihydroxy 


99.6 


100 


100 




6,7-Dihydroxy-4'Hmeihoxy- 


85 


99 


100 


3. 


6.7-4*-Trihydroxy- 


99 


99.9 


100 




Tabelle: V- Isoflavane 



% Schutzwirkung bei 

Nr. Tcsisubsianzcn :Isonavcn-0) 50 ppm 1 25 ppm 250 ppm 



1. 


6J-DihydrDxy-4'-mcthoxy- 


88.2 


98.2 


100.0 


1 


6-Hydroxy-7-mcihoxy- 


94.2 


94.4 


94,4 




6,7,4*-Trihydr<ay 


410 


97.1 


99.4 


4. 


6,7-Dihydroxy- 


95.6 


993 


99.7 


5. 


6.4'-Dimcthoxy-7-hydtoxy- 




79.4 


89.8 


^ 6. 


6,7-Dimcthoxy-4*-hydroxy- 








7. 


7-Hydroxy-6-methQxy- 


64.7 


• 83.3 


60.4 


8. 


7.4*-Dihydroxy-6-mcihoxy- 


53.6 


74.0 


90.6 


9. 


7.4'-Dimcihaxy-6-hydroxy- 


92.8 


95.2 


94.1 



DISKUSSION 

Es konnien mchrcre Isoflavene aus den cnisprechenden Isoflavonen gcwonnen 
werden. In diesem Zusammenhang mupten einige Isoflavone zuerst synihetisien werden 
(Abb. I). Die herkSmmlichcn Meihoden^*^ wurden durch ncuere crseizt*-*'^- Die Isofla- 
vene wurden durch katalytische Hydricrung zu Isoflavane gcflihrt 
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Eine weitere Isoflavan-Synthese wurde ilber die entsprechenden 3-Phenylchit)me- 
nc erreichL Das Reagenz Diisobutylaluminiumhydrid (DIB AH) konnte aus 3-Phenylcu- 
marinen die 3-Phenylchromene Isoflavcne-(3) bilden, die anschliepend leicht katalyiisch 
(10 % igc PdyC; Hj) hydriert werden konnien (Abb. I). 

Nachdem die Substanzcn synthetisiert und durch Elementaranalysc und spcktro- 
skopische Meihoden auf ihre Authcntizitat hin untersucht worden waren, wurden sie fiir 
die antioxidadven Studien eingeset/i. 

Der Anaoxidans-Test ergibt, dap Chromone, 3-Phenylchromene, 3-Phenylcuma- 
line und Isoflavane mit einer o-Dihydroxy-Gnippe im A-Ring eine hohe Wirkung besit- 
zen. Bei den Chromonen fuhrt eine Verlangerung der C-Keue in Position 3 zu einer kon- 
linuierlichen AklivitaiserhOhung. Eine Verzweigung dieser Keite verursacht jedoch eine 
negative Wirkung. Die Einfuhrung einer zusatzlichcn OH-Gruppe im B-Ring erhSht die 
Akiivitac. Diese Wirkiirtg ISBi sich dadurch erklSren, daB die Phenole Radikal- "Scavcn- ' 
gers" sind. 

Die o-Dihydroxygnippe wird auperdem leicht zum Chinon oxidiert, wodurch An- 
iioxidauon vermieden wird. Auch bei o-Hydroxygruppen in 6,7-Posiuon im A-Ring des 
3-Phenylcumarins ist eine guie Wirkung zu bcobachien. Eine hohere AkUvitat der Isofla- 
vene und Isoflavane enisicht, weil durch Reduktion des C-Ringes die LipophiliiSt crhOhi 
wird, sich ciae Anneherung an die Viiamin-E-Chromonsuiiktufr crgibL 

Bei den 2-Hydroxydesoxybenzoinen wird durch die Einfuhrung weilerer OH- 
Gruppen in o-und p-Siellung eine o- bzw. p-Chinoidbildung begunsiigt und dadurch das 
gebildcte freie Radikal zersiQrt. 

Die m-Dihydroxy-Verbindungen zeigen keine Aktivitat. wie von der schlechten 
Oxidierbarkeit der Resorcin-oder Phloroglucinstniktur zu erwarten isL 
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NEW ISOFLAVONOIDS AS INHIBITORS OF PORCINE 

5-LIPOXYGENASE 

Cornelia Voc,* Silvia Sepulveda-Boza and Friedrich W. Zilliken 
Institute of Physiological Chemistry, University Bonn, NuBallee 11, 5300 Bonn 1, Germany 

{Received 24 July 1991; accepted 9 March 1992) 

Abstract — ^The inhibitory activity of new isoflavonoids on 5-!ipoxygenase of porcine leukoc>ies was 
investigated. Isofiavans (I) proved to be stronger inhibitors than isoflavones (II). The isoflavans 
containing or//io-hydroxy groups in ring A showed the lowest K, values (0.8-50 /iM). In comparison, 
isoflavans with me/a-dihydroxy groups exhibited A:, values higher than 150 /iM. The effect of commercial 
antioxidants was tested also on porcine 5-lipoxygenase. Butylated hydroxyanisole (K,: 25 /iM) and 
butylated hydroxyioluene (Kfi 55 /M) revealed moderate inhibitory activity, whereas L-ascorbic acid, 
L-ascorbyl palmitate, rfZ-nr-iocopherol and /i-propyl gallate showed weak inhibitory activities {K,: 100- 
260 /iM). 



Isoflavonoids represent an important subclass of the 
flavonoids. The structure of isoflavonoids is based 
on a 3-phenylchroman skeleton, which biogenetically 
is derived by aryl migration from the 2-phenylchro- 
man skeleton of the fiavonoids f 1]. While flavonoids 
are ubiquitous compounds, the isoflavonoids show 
a limited distribution in the plant kingdom. They 
are found mainly in the subfamily Papilionoidae of 
the Leguminosae (for review see Ref. 2). 

Isoflavonoids are known to exhibit various 
biological properties, e.g. the insecticidal activity of 
rotenoids [2] and isoflavans [3], the anti-microbial, 
especially the anti-fungal , activity of the phytoalexins 
(pterocarpans, isoflavans and some isoflavones 
[2,4]), an hypocholesterolemic effect and a tri- 
glyceride-lowering activity (5-7). The isoflavonoids 
have many properties in common with the flavonoids, 
e.g. anti-cataract (8, 9] anti-inflammatory and anti- 
allergic activity [10-14J. Some biological activities 
are explained by special biochemical mechanisms. 
Thus, the anti-inflammatory and anti-allergic activity 
of flavonoids is in part due to inhibition of the 
enzymes involved in the arachidonic cascade 
[10--14]. 

One of the enzymes of the arachidonic acid 
cascade, the 5-lipoxygenase (5-LOXt) is the first 
enzyme in the biosynthetic pathway leading to 
LT. LTs are potent mediators, involved in 
immunoregulation and in various diseases, including 
mflammation, asthma and diverse allergic reactions. 
In neutrophils, stimulated with the lonophore A 
23187, the main products of arachidonic acid are 5- 
HETE and LTB4 [15], The same pattern of 5-LOX 
products is obtained with neutrophils derived from 
various species stimulated under the same conditions 
[16]. Previously, the HETEs were considered to be 
predominantly inactivation products of HPETEs 



> * Corresponding author. 

t Abbreviations: BHA, butylated hydroxyanisole; BHT, 
butylated hydroxytoluene; LOX, lipoxygenase; HPETE, 
hydroperoxyeicosatetraenoic acid; HETE, hydroxyeico- 
satetraenoic acid; LT, leukotriene; PG, prostaglandin; 
ETVA, 5 ,8, 11 , 14-eicosatetraynoic acid . 



without biological importance. New investigations 
have shown that HETEs modulate basic biological 
functions such as enzyme regulation, hormone 
secretion, ion transport and immune mechanisms. 
They are involved in pathological processes including 
various inflammatory diseases, arteriosclerosis and 
ischemia (for review see Ref. 17). 

Due to the participation of LT and HETEs in 
various diseases, we evaluate in this study the 
inhibitory effect of different new synthetic iso- 
flavonoids on porcine 5-LOX in vitro. We also 
compare the effect of isoflavonoids on porcine 5- 
LOX with that of commercial food antioxidants. 

MATERI.ALS AND METHODS 

Materials 

All isoflavonoids have' been synthesized at the 
Institute for Physiological Chemistry of the University 
of Bonn [18]. The antioxidants ^//- a- tocopherol, 
BHT, BHA and L-ascorbic acid were purchased 
from Merck (Darmstadt, Germany), n-propyl gallate 
from Sigma (Munich, Germany) and ascorbyl 
palmitate from Ser\a Feinbiochemica (Heidelberg, 
Germany). Dextran T-500 for cell sedimentation 
was obtained from Pharmacia Fine Chemicals 
(Uppsala, Sweden). Arachidonic acid (Merck) was 
purified by silicic acid column chromatography prior 
to use. The lonophore A 23187 and PGB2, which 
served as internal standard, were obtained from 
Sigma. ETYA was supplied by Hoffmann-La-Roche 
(Basic, Switzerland). All salts, organic solvents, thin 
layer silicic acid plates and Trypan blue were 
obtained from Merck. AH chemicals used were of 
reagent grade. The solvents for HPLC were dried, 
distilled and flhered. 

5-LOX assay 

Preparation of leukocyte suspension. Porcine 
peripheral blood leukocytes were prepared according 
to the method of Kuhl et al, [10], Porcine blood 
(1.5 L) was decoagulated with 100 mL Hank's buffer 
solution containing 3.8% sodium citrate, 6U of 
heparin/mL of blood and passed through a Dextran 
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(6%) gradient. After sedimentation at 4** for 60 min. 
the supernatant was centrifuged at 500 g for 12 min. 
The pellet was resuspended in Hank*s buffer 
containing 0.38% sodium citrate. The centrifugation 
was repeated. Residual erythrocytes were lysed after 
5 min incubation at 25^ with Tris buffer (17 mM, 
pH 7.2) containing 0.17% ammonium chloride. After 
centrifugation at 400g for 6 min and resuspension 
of the cells in Hank s buffer containing 0.38% 
sodium citrate, the solution was centrifuged again 
at 400 g for 6 min. The cell pellet was resuspended 
in phosphate-buffered (25 mM, pH 7.4) isotonic 
saline at 4 x lO^cells/mL. The viability of the cells 
(higher than 90%) was checked by Trypan blue 
exclusion. 

Incubation conditions for porcine leukocytes. 
Leukocyte suspension (10 mL) was preincubated for 
3 min at room temperature in the presence of different 
concentrations (0.5^200 /^M) of isoflavonoids or 
usual food antioxidants dissolved in ethanol or 
dimethyl sulfoxide. An equivalent suspension with 
solvent (ethanol or dimethyl sulfoxide) but lacking 
test substance served as control. The solvent content 
did not exceed 1%, to avoid an influence on 5-LOX 
activity [19]. During the assay for 5-LOX activity, 
nearly complete inhibition of 12-LOX is achieved 
by addition of 10//M ETYA [11) to the reaction 
mixture, as the latter enzyme is the predominant 
LOX of porcine leukocytes [20]. 

The 5-LOX reaction was started by adding the 
following substances to the leukocyte suspension: 
CaCN (2mM), lonophore A 23187 (10a/M), ETYA 
( 1 0 fM) and the substrate arachidonic acid (100 fiM), 
After incubating the cells for 5 min at 37*, the 
enzymatic reactions were .stopped by adding 1.5 mL 
of formic acid (1%). After addition of PGBj (2/jg) 
as an internal standard, the samples were extracted 
immediately with chloroform/methanol (1:1, v/v; 
2 X 15 mL), evaporated and stored under nitrogen 
at -18° prior to HPLC analysis. 

HPLC analysis. Analytical HPLC was performed 
according to Kuhl etal. [10] with slight modifications. 
A prepacked column (Hibar RT, 250 x 4 mm, 
Lichrosorb 60, 7^m, Merck) and a precolumn 
(RCSS Silica T 61031) from Waters, Millipore 
(Eschborn, Germany) were employed (instrument: 
S 101, Siemens; pump: DMR-AE-10,4, Orlita; 
Injectorsystem: U6K, Waters). 

The compounds were eluted using first /i-hexane/ 
2-propanol/methanol/acetic acid (972/18/9/1 by 
vol.) containing 0.06% water. After 9.5 min the 
gradient elution was started. The 2-propanol content 
was raised during a linear gradient up to 3 vol.% in 
12 min (972/30/9/1). The flow rate was 3.5 mL/min 
at 22''. The elution was monitored spectro- 
photometrically at 235 nm (0-9.5 min) and at 280 nm 
(9.5-24 min). 5-HETE and LTB4 were quantified 
by comparing their peak areas with that of PGBj 
(mternal standard). The extinction coefficients used 
for 5.HETE, LTB4 and PGB2 were c= 30.500, 
39,500 and 26,800 Lmor' mm"*, respectively. 

RESULTS 

Inhibition of porcine 5-LOX by isoflavonoids 
Arachidonic acid incubated with porcine leuko- 
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Fig. 1. Inhibition of porcine 5-LOX by 7,8-dihydroxy-4'- 
methoxyisoflavan (6). HPLC chromatograms of the 
products formed during a 5-min incubation of porcine 
peripheral blood leukocytes (10 mL/4 x lO'cells/mL) with 
arachidonic acid (100 /^M), CaClz (2mM), lonophore A 
23187 (10/iM) and ETYA (lO/iM). (A) Control (without 
test substance), (B) with lO^iM 7,8-dihydroxy-4'-mcthoxy- 
isoflavan (6), (C) with 50 /iM 7,8-dihydroxy.4'-mcthoxy- 
isoflavan (6). Signal attenuation was three times higher at 
235 than at 280 nm. Peaks: 1 . arachidonic acid; 2, 5-HETE; 
3, 5-HPETE; 4, PGB^; 5. LTB4; 6, stereoisomers of LTB4. 



cytes in the presence of lonophore A 23187, CaCl2 
and ETYA is converted predominantly to 5-HETE 
and LTB4. Figure lA shows a typical HPLC 
chromatogram of an incubation performed under 
the conditions described in Materials and Methods. 
The effect of various concentrations of 7,8-dihy- 
droxy-4'.methoxyisoflavan (6) on 5-LOX-activity is 
shown in Fig. IB and C. The formation of the 5- 
LOX products 5-HETE and LTB4 was suppressed 
by 7,8-dihydroxy-4'-methoxyisofiavan (6) in a dose- 
dependent manner. The inhibition of 5-LOX by 
isoflavonoids is expressed as the percentage of 
activity related to the control value measured without 
inhibitor. Plotting of l/(% activity) vs [I] was carried 
out to evaluate the inhibition constant Ki. The 
substitution patterns of isoflavans (Table 1) and 
isoflavones (Table 2) are listed with their cor- 
responding Ki values. Ki values of most isoflavonoids 
tested ranged from 0.1-100 /xM. 

Structure-activity studies showed that the iso- 
flavans inhibited porcine 5-LOX more effectively 
than the corresponding isoflavones [see compounds 
(2) and (3). (13) and (14), (18) and (17)]. Looking 
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Isoflavonoid inhibition of porcine S-LOX 
Table 1 . values of porcine S-LOX inhibition by various tsoflavans 
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See Ref. 11. 



Table 2. values of porcine 5-LOX inhibition by various isoflavones 
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Compound 


5 
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2.5 


(6) 


H 


H 


OH 


OH 


H 


OCH3 


21 


^ (7) 


H 


OH 


OH 


H 


H 


CH3 


53 


(8) 


H 


H 


OH 


OH 


H 


CH3 


7.5 


(9) 


OH 


H 


OH 


H 


H 


CH3 


218 


(10) 


H 


OH 


OH 


H 


OCH3 


OCH3 


7 


(H) 


H 


H 


OH 


OH 


OCHi 


OCH3 


24 


(12) 


H 


H 


OH 


CH3 


OCH3 


OCH3 


70 


«-(13) 


H 


OH 


OH 


H 


O-CH 




28 


(18) 


H 


O-CH: 


rO 


H 


H 


OCH3 


0.6 


(22) 


H 


H 


OH 


OH 


H 


CI 


9.5 


(23) 


H 


H 


OH 


CH3 


H 


CI 


36 


(25)* 


OH 


H 


OH 


H 


H 


OH 


168 



Compound 


5 


6 


7 


Substitution 
8 


y 


4' 


(MM) 


(3) 


H 


H 


OH 


OH 


H 


OH 


19.5 


(14) 


H 


OH 


OH 


H 


O-CH2-O 


103 


(15) 


H 


H 


OH 


OH 


O-CHr-O 


23.5 


(16) 


H 


O-CHj-O 


H 


0CH3 


OCH3 


250 


(17) 


H 


O-CH2-O 


H 


H 


OCH3 


60 


^ (19) 


H 


OH 


OH 


H 


F 


H 


16.5 


(20) 


H 


H 


OH 


OH 


F 


H 


21 


(21) 


H 


H 


OH 


OH 


CF3 


H 


16 


(24) 


H 


H 


OH 


OH 


H 


NO2 


91 



for an influence of the substituents in ring B, it is 
obvious that there is no specific relation to 5-LOX 
inhibition. Among the tested isofiavans and 
isoflavones neither size, position nor different charge 
of the substituents was decisive for inhibition strength 
(see compounds (3), (6), (8), (11). (20), (21), (22)]. 

Comparing the effects of 6,7-dihydroxyiso- 
fiavonoids and of the 7,8-dihydr xyisofiavonoid 



isomers on porcine 5-LOX, there was no structure- 
activity relationship [see compounds (1) and (2), 
(5) and (6), (10) and (11), (19) and (20)]. In 
contrast, structure-activity relationships are obvious 
comparing or/Ao-hydroxy- and meto-hydroxy-sub- 
stituted compounds in ring A. Among the 4'-methyl- 
isoflavans, the or//io-hydroxy isofiavans (7) and (8) 
are significantly stronger inhibitors of porcine 5- 
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Table 3. Inhibition of porcine S-LOX by commercial food 
antioxidants (Ki values) 



C. VoB, S. Sepulveda-Boza and F. W. Zilliken 



Compound 



AT/ 
(/iM) 



BHA 
BHT 

/i-Propyl gallate 
rf/-a-Tpcopherol 
L- Ascorbic acid 
L-Ascorbyl paimitate 



25 
55 
124 
259 
100 
239 



LOX than the respective /«em-hydroxy isoflavan (9) 
A similar result was obtained in the corresponding 
4'-hydroxyisoflavans [see compounds (1) 
and (25)]. Comparing 7,8-dihydroxyisoflavans 
with the 7-hydroxy.8-methyIisoflavans, the ortho- 
hydroxy substituted compounds are as expected 
m^^ ^^I^'^IZ^ ^'^^^ inhibitors [see compounds 
dl) and (12), (22) and (23)). Surprisingly some 
isoflavans, which lack free orz/zo-dihydroxy-sub- 
stituents in ring A show a marked S-LOX inhibition 
ihese compounds are 6 J-methylenedioxy-4'- 
methoxyisoflavan ((18), AT,: 0.6 fiM] and 6,7-dlacetyl- 
4 -methoxyisoflavan [(4), K- 15.5 fiM]. 

Inhibition of porcine 5 LOX by food antioxidants 

^ }^rZ^u^^ ^' ^^^"^^ ^^'^ inhibition of porcine 

>1-UX by commercially available food antioxidants 
RHX^l^T/'^L^x' ^"^^^^^s BHA (K- 25 /.M) and 
atii {Kii 55 ^M) are moderate inhibitors, L-ascorbic 
acid, L-ascorbyl paimitate, o-tocopherol and n- 

Vm^^L^'^KATu''^^ effective inhibitors (K- 

100-260 AiM) than most isoflavans. 

DISCUSSION 

Inhibition of porcine S-LOX by isoflavonoids and 
food antioxidants 

The different isoflavonoids tested in this study 
inhibited the porcine polymorphonuclear leukocytes 
^-LUA in a concentration range of 0. 1-100 uM (K 
and iCso values). The same concentration range was 
obtained with most flavonoids containing also 
Hydroxy- and methoxy-substituents [21-25] The 



absolute inhibition values found for various com 
_ pounds m the literature, however, differ dependin! 
on the type of LOX, the enzyme source, method n 
enzyme isolation and the assay conditions. This far 
. IS Illustrated in Table 4 for quercetin, which max 
be designated as reference flavonoid. Therefor; 
comparison of different studies should be undertaker 
with certain reservations. 

Other compounds tested as inhibitors of pordn^ 
5-LOX are: (£/Z).Ajoene (IC50: 1.6/iM), a garlic 
constituent [30]; nordihydroguairetic acid (icj 
1.5 //M); caffeic acid (1C50: 46 /^M); p-coumaric acid 
(IC5,,: 2.5 ^M) and wedelolactone (IC5,,: 2 ^ uM) a 
coumestane derivative [19], These compounds 
inhibited the 5-LOX also to the same extent as the 
isoflavonoids tested in this study. 

The structure-activity relationship of the iso- 
flavonoids concerning 5-LOX-inhibition (Tables 1 
and 2) revealed the following conclusions: fi) 
isoflavans were found to be more effective inhibitors 
than their corresponding isoflavones. An explanation 
may be the change in conformation of ring C after 
hydration of the isoflavones to isoflavans^^nd the 
interruption of the fully conjugated system, (ii) 
or//jo-Dihydroxy-substituted isoflavans (I) P) n) 
and (8) inhibited the 5-LOX at lower concentr^ations 
than the respective we/«-dihydroxy-substiiuied iso- 
flavans (9) and (33). The 7,8-dihydroxyisoflavans 
also proved to be stronger 5-LOX inhibitors than 
the 7-hydroxy-8-methy|.isoflavans (12) and (23) 

Other authors [31] found that phenolic or'tho^ 
dihydroxy-compounds, including caffeic acid and the 
flavonoids taxifolin (3.5,7,3',4'-pentahydroxyfia. 
vanon), luteolin (5,7,3',4'-tetrahydroxyflavon) and 
quercitm (3,5,7,3',4'-pentahydroxyflavon). clearly 
had strong radical-scavenging activities, whereas 
monohydroxylated and pora-dihydroxylated com- 
pounds proved to be only moderate to weak radical 
scavengers. Compounds lacking a free hvdroxy- 
group in the molecule scarcely influenced radical 
scavenging. Some isoflavonoids examined in our 
study may also trap radicals. During this reaction 
isoflavonoids are oxidized to ortho- and/or para- 
benzoquinones as shown here for 6,7- and 7,8- 
dihydroxyisoflavans in Fig 2a and b. 

Oxygen radicals, which are probably involved in 
inflammatory and cancerogenic processes, are 
generated as by-products during arachidonic acid 
metabolism via the cydo-oxygenase and LOX 



Table 4. Inhibition (IC50 values) of various LOXs by quercitin 



5-LOX 
5-LOX 
5.LOX 
5-LOX 
5-LOX 
5-LOX 

12- LOX 

13- LOX 
15-LOX 



Enzyme source 



RBL-1 
RBL-1 
RBL-l 
RBL-1 
Porcine leukocytes 
Human leukocytes 
Human thrombocytes 
Soybeans 
Soybeans 



IC50 (fiM) 



0.2 
2.1 
0.1-1 
>1 
0.8 
*125 
4-5 
2-3 
>10 
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Fig. 2. (a) or//io-Benzoquinones of 7,8-dihydroxyisoftavan. 
(b) ortho' and para-Benzoquinones of 6,7-dihydroxy- 



the control value. Some isoflavonoids were tested 
on P388 leukemia in mice and were found, up to 
240 mg/kg test animal, not to exert any cytotoxic 
' effect [46]. The bioavailability of a physiologically 
active compound tested in vitro is one of the factors 
determinative for a possible therapeutic use of such 
compounds. Few data are available on the 
metabolism and pharmacokinetics of isoflavonoids 
[9,47] (for review see Ref. 48). These studies 
concerned distribution, storage and elimination of 
isoflavonoids. We have investigated the absorption 
of some isoflavonoids on isolated intestinal segments 
of the rat (unpublished data). 
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Summary 

Control of Storage Fungi of the Genus AspergiUus on Legumes with Fla^onoids and 
Isoflavonoids 

In the following investigation natural products like fiavohoids and isoflaVonoids and 
their derivates were screened for their fungicidal effects against storage fungi of the genus 
Aspergillus on oi soyht^n (Glydne max t.\ bean (Phaseolus vulgaris L,), A 
high reduction in fuii^ infestation in bean seeds was achieved with the mi^ures flava- 
none/6,7-bihydroxy^4'-methoxyisdfiavan 2 % a. L and 6,7-Dihydroxy-4*-metlioxyisofla- 
van/6,7-Dihydroxy-3'-methylisoflavan 2% :a.i. after three weeks with 87.9 % and 
87.1 respectively. A significaint reduction of infestaLtion in soybeans was adiieved with 
; the combination of the isoflavans 6 J-bihydroxy-4*-methoxyis9flavan/6 J-C^ 
methylisoflavan 2 % a. i. after two weeks with 69.9 %. Benomyl 1 % a. i. c^d similar 
inhibiton rates in botii seed treatments. 

Einleitiing 

In den Landem der Tropen und Subtropen kommt dem Vorratsschutz aufgrund der 
dortigen klimatischen Gegebenheiten eine entsdieidcnde Bedeutung zu. Wahrend sidi 
die weltweiten Lagerverluste nach Schatinlhgcn der FAD (1987) auf jahrlid^ 5 % belau- 
fen, konnen nach Neergaard (1977) die Verluste im Lager in den Entwidcfungslandern 
^ tis W 30 % betragen; Neben SchSdlingen, Baicterien und Viren bereiten vor kliem Lager-, 
pilze der Gattungen AspergiUus und /'(emci/Zuim groBe Probleme (Jain et al., 1983; 
tJmechuruba, 1985; El-Kady et al., 1986). Gruppen oder Arten dieseV Gattungen 
- wachsen ohiie frei verfugbares Wasser schon bei einer auBerst geringen SameMeuchtigkeit 
(Christensen, 1972^ Ihr Wachstmri fuhrt zum Verderb der Samen^und scljafft die Vor- 
aussetzungen fur das Wadistum anderer Mikroorganismen (Ghristensen und Kauf- 
mann, 1965). Dutch die Sdiwachung und,das Absterbieh des Embryos kannidie Keimfa- 

? * Vortrag,ieha1teD auf der Arbdtstagung ^Mykotoxbie** der Veteiriigang fur Angewandte Bqpnik in Braun- 
schweig ara 5. 10. 1989 . 
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chende Menge an ™' (^g„nen die in den Samen enthaltenen Mykptoxme 

»^ ^ «... 

aera nowiv. Pntwickluneslandern teUweise cntscharft werden (FranKe, , 

ggnSS L l^^^n^Sr Bekimpfung von Ug^i'-jsind yortu^g 
1981). Ansatze una g Madaan und Chohan, 1975; Malini et ai. c 

(Brown etal., 1975, en.s etah^^o ^ Ceynowi und Schulz.; 

1983a; Vanangamudi ^J;^^2lll^nchhMod^^^ 
sichaichiTu«Effektt«tetujd/^^«^^^^^^ Pflari^enschurnnitteln; ; 

^nd1.s"Sg?Sr4^LSSc^Sen in. B;reid. des PflanzenschumnUteleinsat-: 
und ate Folge ^^'^^ die EntWicklung andcrer Vcrfahien unumganghch. ^ 

vateneine alternative Sainent#m ; ., -ft 

IVIaterial and Mcthoden 
T^. A -^H^ wirksatnkdt von Flavonoidcii und Isoflavonoiden in Flussigkeitsversii- 

D ma E bone™ 3-1 (Abb. IV Die In den U4wsm»ii»F» 



! 



Kontiolle von LagerpOzea der Gattung AsptFgiUus 



177 




Flavon . 

Flavanon ' 
6, 7- D i hyd rox - m e thoxy is o f lavan on 
6,7- Di hyd rox y-^' - m ethox y is o f lavan 
6.7- Dihydroxy-y-melhylisoflavan 



Abb, 1: Stroktur der getestetea Flavonoide und Isoflavonoide ! 

J.gegeben. Die fur die Bchandlung notwendige Substanzmenge, 1 brw. 2 GW %/V aktive 
; Substanz (a. S.) (Dhingra und Muchovej, 1982), wurde im Fall der Sojabofane in 7 ml 
Aceton bzw. Ethanol und bd der Buschbohne in 10 ml Aceton gelost. Hierkurch konnte 
^ eine voUstandige Bedeckung der Samcn mit dem jeweiUgen Losungsmittd iwahrcnd der 
|Behandlung erreicht werden. Nach Zugabe der gelosten Substanz in das Bekerdas wur- 
- dc der Magnetriihrer auf mittlerer UmdrehungszaW eingesdialtet Die Samen verbUeben 
I fur 30 Minuten unter standigem Ruhren in dem Losibgsmittel. das anschllefiend abge- 
fgossen wurde. Ziir Verdampfung des nodi an den Samen anhaftenden lisungsmittels' 
rwuidtti diesc fur 30 Minuten in cine offene Glaspetrisdiale gelegt Ansdilie^end crfolgte 
Idas Auslegen von jeweils 3 Samen/Pctrischale auf Salz-Malzextrakt AgarVsMA 10% 
Naa)-Platten. Der NaQ-Zusatz verliindcrt nadi Mislivec und Bruce (1977) das Bak- 
terienwadistum, hemmt die sdmelle Entwidclung von Afua^rc/c^Arten siwie anderer 
^ Pilze und unterbindet die Keimung der Samen. Auf diese Weise kohnten ziin Vcfisudis- 
|ende aUe aufgctretenen Pilzc bis zur GattUig bzw: Gruppe-bestimmt^eni«^ 
|mung der Myfcoflora nadi d«r Behandlung sbllte zeigen, ob die Snbstanzen ?einzeln oder 
|:im Gemisdi einhdtlidi das Wadistuan.aller <>der nur bestimmtcr Pilze am bdW im Samen 
fiverhind^n. ■ 
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Die Bonitur in befallene und nicht befallene Samen crfolgte im Abstand von 7 TVigen : 
bis zum 21. Tag nach dcm Auslegen im Fall der Buschbohnen. Die Versuche der Sojaboh- : 
nen ln>nnten nur bis zum 14. Tag ausgewertet werden, da sdmell wachsehde Pilze der A, 
niger- bzw. A. g&«CMJ-Gruppe auftratcn. Eine sichere Bonitur war deshalb nur bis zu 
dem o. a. Boniturtermin moglidi. Zudeiri konnte bei den Sojabohnen nadi 2 Wodien, bei ; 
den Buschbohnen nach 3 Wochien, dn BciEallsahstieg nidit mehr fiestgestcfit werden. 

Die ermittelten Befellsdaten warden yarianzanalytisdi ausgciwertet. jDie vcrschiede- 
nen Behandlungen einer Samcnart stelltcn einc Versuchseinheit dar uiid wuiden einzdn : 
verredinet. Durch die Berechnung der Grenzdifferenzen konnten die £|nzeldlffezenzen, 
die in einer Versuchseinheit auftraten, statistisch abgesichert werden. 

Zur Ermittlung der Keimraten nach einer Naturstoffbehandlung warden jeweils 30 
Samen der Spjabohne und der Buschbohne nach der oben beschriebenen ^Methode ausge- : 
legt. Die Substanzen Flavon (A), Flavaripn (B), 6,7-Dihydroxy-4'-methoxyisoflavan (D) 
und 6,7-I>ihydioxy^3*-methylisoflavan (E) wurden in der Konzentratibn 1 % a.S. in: 
Ethanol gelost Nach dem Auslegen der bchandclten Samen in dne feiwSitc Kammer er- : 
folgte die Bonitur der Keimraten nach 7 Tagen. 

Zur Bestimmung des Feuchtegehaltes der Sojabohnen und Buschbohnen wuiden die ; 
Samen auf SMA ausgelegt Nach dner Woche wurden 4—5 g einer Samenart entnom- 
men, in dne zuvor gewogene Glaspctrischale gegebcn und ansdilieBend gewogen. Nach 
erfolgter Tiocknung der Samen bei 130 :C fur eine Stunde in einem Mufeelofen und Ab- 
kuhlen in einem Exsikkator wurdc die Petrisdiale mit Inhah nach Roberts und Ro- ; 
berts (1972) emeut gewbgen. Der Feuditegdialt der Samen konnte anhand folgender : 
Fonnd ermittelt werden: 
100 

Mit Gewicht der leeren Petrischale 

Mj: Gewicht der Petrischale mit Inhalt 

M3: Gewidit der Petrisdiale mit Ihhalt xMwh dem Th)dcne^ 



Ergebnisse 

Bei der Behandlung der Buschbohnen besaB Flavon (A) mit 71.1 % bzw. 80.0 % eine 
sehr hohe befallsreduzierende Wirkung in der Konzentration 1 % bzw. 2 % a. S. nach ei- ] 
ner Woche. In der Konzentration 1% a.S. verringerte Flavanon (B) den Befall der: 
Buschbohnen um 48.9%, in der Konzentration 2% a. S. um 72.2%, Das 6,7-Dihy- 
dioxy-4*-mcthoxyisoflavanon (G) vertursachte in der Konzentration 1 % i. S. eine Befalls- ; 
reduzierung um 45.6 %. Das entsprediende Isoflavan (D) reduzierte in djsr Konzentration , 
1 % a. S. den BefaU van 56.7 % und in der Konzentration 2 % a. S. unil74.4 %. Mit ge-' 
nau 60.0 % hemmte das 6,7-Dihydioxy-3'-methylisoflavan (l^den Pilzbefall der Buschr 
bohnen in der Konzentration 1% a.S. Hochwirksam'wareh 2%ige Kischungen von; 
A/D, B/D sowie D/E mit uber 90 % Befallsieduktjon ir^ der Bus^bohne nach ei- 
ner Woche. Auch Benomyl (F) reduzierte den Pilzbefall zu ubef 90%^llerdings in der 
Konzentration 1 %. Das Vergleichsfungizid Benomyl (F) 1 % a. S. war die wirksamste 
Substanz bei der Behandlung der Spjabohnen (Aceton) mit 8L4% n^ch einer Woche. 



Kont 

Die Wirkung vom Isoflavan 
tion D/E 2 % a. S. mit 44.9 
(Ethanol) waxen nadi der E 
fiei. Die Misdiung A/E 2 
Benomyl (F) 1 % a. S. be 
23.2 % auL Wrksam war 
54 J % in der Konzentratio 



Tab. 1: Prozent befallsfre 



r Substanzen 



LA 
|A 

I* 

^b; 
tc 
lb 

m-. 

pjB 2% 
Wc 2% 
p^/D 2% 
pL/E 2% 
|B/D 2% 
tb/E 2% 
IF- 1% 



1% 
2% 
1% 
2% 
1% 
1% 
2% 
• 1% 
2% 



: GD 5 %; A- Aodoii; E-Eti 



In do- zwdten Wodi 
iFTavanon (B) und 6,7-Di> 
|^lung stark nach. Dagejgen 
ISyie Benom^ (F) auch nc 
|<Aceton) zdgte sidi eine 
SBenomyi (F) 1 % a.S. b 
Itrug, nahm dier Befall dei 
Izii. Audi bd den Scfjabol 
I lung (F) mit 16.6 % am 
I Der Wirkungsabfall der u 
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Die Wirkung vora Isoflavan D 2 % a. S. betrug 59.3 % gefolgt von der Isdflavankombma- 
tion D/E 2 % a. S. mit 44.9 % und 38,5 % Isbflavaa D 1 % a. S. 78.6 % jder Sojabohncn 
(Ethanol) waren nach der Behandlung mit den bdden Isoflavanen D/E 2^ % a^ S. befetls- 
frei. Die Nfisdiung A/E 2 % a. S. veru^chte nur eihe Befallaeduzicn^ng um 40,2 % 
Benomyl (F) 1 % a. S. behandelte Samen wiesen dagegen nur einen feefaUsgrad von 
23.2 % auf. Wirksam waren das IsoflaVan D mit 67.9 % und das Isoflavan fE) mit 
54.5 % in der Konzentration 2 % a, S. (Tab. 1). ^ 



Tab. 1: Prozent befiallsfifeier Samen nadh einer 30 minutigen Wirkstoffbehandlung in 
Acetonbm iStfaanol nacfa einer Wbche 



1 Substanzen 


Buschbohnen 
30'A 


Samenarten 
Sojabohnen 
, 30*A 




Sbjabohnen 
• 30*E 


- A 1% 


-71.1* 


-1.7 






N A 2% 


-80.0* 






i-16.1* 


fcB 1% 


-48.9* 


-1.7 






|B. 2% 


-72.2* 






! -7.1 


|c 1% 


-45.6* 


-5.9 






|b 1% 


-56.7* 


-38.5* 






|b 2% 


-74.4* 


-59.3* 




^67.9* 




.. -60.0* . . 






ir.36.6* 


|e ". 2% 






^54.5* 


|a/b 2% 




-9.3 




j-12.5 


|A/C 2% 




-11.0 






|a/D 2% 


-90.0* 








p/E 2% " 








-40.2* . 


p/D 2% 


-95.6* 








Ib/E 2% 


"-93.3* 


-44.9* 




^78,6* 


|f 1% 


-93.3* 


-81.4* 




-76.8* 


I* GD 5%; A-Aeeton; E"-Ethanol 



Si 



.-Ik 



53 



In der zweiten Wbche lieB die X^irk^uhkeit dnzclner Substanzen wie Flavon (A) 
pFlavanon (B) iind 6,7-Dihydrox5^4'-methoa^flavaii6n (C) in der Buschbohnenbehand> 
l^lung stark nach. Dagegen zeigte sidi, dafl die o. a. Mischungen A/D, B/d! und D/E so- 
I wie Benomyl (F) audi noch in der zweiten Wochc wirksam waren. Bei din Sojabohnen 
t(Aceton) zeigte sich eine ahnliche Tendenz (Tab. 2). Wahiend aber derlBefellsanstieg 
|Benomy! (F) 1 % a. S, behandelter Samen von der ersten zur zweiten Wbche 16 % ber 
I tirug, nahm der Befall der Samen der Isoflayankombination D/E 2 % a. S. tiur um 6 8 % 
izu. Auch bei den Sojabohnen (Ethauiol) der Befallsanstiegjn der Benbmyl-Behand- 
|J^ng (F) mit 16.6% am hochsten. Die Wirksamkdt Isoflavans D UcQ^u^Th3% nach. 
rDer Wirkungsabfiall der ubrig^n Substanzen war gering (Tab. 2). ^ 



T • 
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Tab. 2: Prozent befallsfreier Samen nach einer 30 minutigen Wirkstoffbelmdlung in 
Aceton bzw. Bthanbl nacbzwei Wodien 







Samenarten 


V k 


Substanzen 


Buschbohnen 


Sojabohnen 


Sojabolmea 




30*A 


30'A 


3P*E ■ 


A 1% 


-^24.6* 


-0.8 




A 2% 


-43.9* 






B 1% 


-5.3 


0 




B 2% 


-14.6 




-45.3 


C 1% 


-30.7* 


-3.4 




D 1% 


-43.0* 


-31.4 




D 2% 


: . -66,7* 


-49.2* 


-56.6* 


E 1% 


-53.5* 




-31.0* 


E 2% 






-51.3* 


A/B 2% 




-5.1 


-l;a6 


A/C 2% 




-5.9 




A/D 2% 


-71.9* 






A/E 2% 






-3|5.4* 


B/D 2% 


-88.6* 






D/E 2% 


-87.7* 


-38,1* 


-7«9*9* 


F 1% 


-93.0* 


-64.4 





*— CD 5 %; Bet^nick— der au^efuhite Wert wuide aufgnind der abweicbeodeii Stieuung da Einzdwertis 
in dieser Bdiandhittg mcfat varianzanalytisch ver^ 



Tab. 3: Prozent befallsfieier Samen nach einer 30 minutigen M^kstoffbdiaiidlung in 

Aceton nach diei Wochen 





Samenart 


Substanzen 


Buschbohnen i 




30'A : 


A 1% 


-2Z4* 


A 2% 


-4Z2* ^ 


B 1 % 


-6.0 


B 2% 


-1L5 


C 1% 


-30.2* r 


D 1% 


-43.1* 


D 2% 


-65.5* ^ 


E 1% 


-5Z6* 


A/D 2% 


_^a7* 


B/D 2 % 


"^-87.9* 


D/E 2% 


' ....__j:i87^ r 


F 1% 


-92.2* . ;■ ■ 



KontroU? 

Der Befallsgrad der Btisdif 
in der dritten Wodie nur unwe* 

Den EinfluB der verschied 
menarten zeigen die Tabellen ' 
troUvariante ein hoher Befialls^- 
Alteniaria spp. festgestellt Di( 
sowie Benomyl (F) 1 % a. S. i 
Gattungen (Tab. 4). 

Tab. 4: Pilzspektrum d 
Wirkstoffbehandlung (Ar 



Pilze 



^A.niger 
^ A. flaviis 
^ A. glaucus 
^ A. nidulans 
^ A. ochmceus 
fA. terreus 
I A, fumigatus 
^ k. ustus 
^A. wentii 
f^enicillium spp. 
t(Ctadosporium spp. 
^^Iternaria spp. 
WAcremonium spp. 
^Fusarium spp. 
WPhqma spp. 
Wtlumicola spp. 
E^07tiV<e/£a spp. 



-CD5%; ArAceton: 



niger 
^J4; glaucus 
g; A. nidulans 

tA, ochraceus 

^A, terreus 

^.Peniciiiium spp. 
^Cladosporiuni spp. 
p A spp. 

l-Acremonium spp. 

|Fw5arz«/n spp, 

|P/ioma spp. 

WMortierella spp. 
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andlung in 

tbohnen 
10* E 

11.5 
-5.3 



56.6* 
3L0' 
51.3* 
10.6 



35.4* 

69.9* 
S0.2* 

der Einzehverte 



indlungin 



! : 



Der Befallsgrad der Buscfabohnen veicanderte sidi verglichen mit der izweiten Wodie 
in der driUen Woche nur unwesendidi (1)^3. 3). ■ [ 

Den EinfluB der verschiedenen Behandlungen auf das Pilzspektnimjder beiden Sa- 
menarten zeigen die Tabellen 4, 5 und 6. Im Fall der Buschbohnen wui^e in der Kbn- 
trollvariante ein hober Befallsgrad mit Cladosporium spp. und in gerin^rem Mafie mit 
Alienutna spp. festgestellt Die Substanzkombinationen A/D, B/D, D/E alle 2 % a. S. 
sowie Benomyl (F) 1 % a. S. leduzierten den Befell der Samen mit Pilz^ dieser beiden 
Gattungen (l^b. 4). 

Tab. 4: Pilzspektrum der Buschbohnen (120 Samen/ Variante) nach einer 
Wirkstoffbehandlung (Aceton/30 Minuten) drei Wochen nach dem Auslegen 



Pilze 


K 


A 1 % 


B 1 % 


Substanz 
A2% 


B2% 


ci% 


D17o 


A, niger 


1 


i 


1 


0 


1 


iO 


1 


A,flavus 


0 


0 


3 


1 


0 


^0 


0 


A. glductds 


3 


2 


0 


1 


1 


•0 


0 


A. nidulons 


3 


0 


1 


0 


0 


3 


0 


A, ochraceus 


1 


2 


0 


0 


0 


0 


0 


A, terreus 


3 


4 


3 


6 


5 


10 


4 


A. fiimigatus 


0 


0 


0 


0 


1 


0 


0 


A, ustus 


5 


3 


3 


1 


2 


' 12 - 


0 


A, wentii 


1 


0 


0 


0 


0 


jO 


0 


Penidllium spp. 


1 


2 


1 


0 


1 


I 


1 : 


Cladosporium spp. 


103 


70 


' 98 


39 


71 


62 


61 . 


A Itemaria spp. 


23 


15 


21 


17 


12 


28 


23 * 


Acremonium spp. - 


0 


0 


0 


0 


2 


0 


0 


Fusarium spp. 


1 


2 


0 


2 


0 


10 


2 


Phoma spp. 


0 


0 


0 


0 


0 


ll ■ 


0 


Humicoia spp. 


0 


0 


0 


1 


0 


!d 


0 


Mortierellaspp, 


0 


6 




1 


0 


:o 


0 






D2% 


El% 


A/D 2 % B/D 2 % D/e2 % 


Fl% 


A. niger 




1 


0 


0 


0 


;o 


0 


A. glaucus 




0 


1 


1 


1 


0 


0 


A' nidulans 




0 


1 


0 


0 


:o 


0 


A, ochraceus 




b 


1 


0 


0 


10 


0 


A, terreus 




0 


1 


4 


1 


= 0 


0 


A. ustus 




1 


1 


0 


0 


;Q 


0 V 


Penidllium spp. 




0 


0 


0 


0 


\ 1 • 


0 


Cladosporium spp. 




26 


40 


1 


4 


6 


0 


Altemaria spp. 




9 


13 


5 


7 


ys 


7 


Acremonium spp. 




1 


1 


0 ^ 


--0 




1 • 


Fusariumspp, 




0 


1 


0 


0 


;o 


0 


Phoma spp. 






1 




0 




0 


Mortierella spp. 




0 


0 


o"~ 




■^0' 


1 





J32 iL'9lkiaeMn».^f^>^^^<^^ 

Siimen der Soiabdhne (Aceton) waren m Occ KontroUe stark mit^. glaudus imd^ 

S Sr1?te fest vonstandig (TM,: 5). Dai Isotovan D 1 % a. S mindert^jdcn BefaU 
Z^ mh PeniciUiumspist^k. In der fcinzentnition 2 % a, S. «d«z.erttj, das bo- 
flaWo und die IsoflavankoiWnatioh D/F das Auftrete 

Tab 5- Pilzspektrum der Scdabohneri (120 Smen/Variante^^^^ 
Wi^ffbehandTungCAcetoa/aOMteutenyz^ 



Pilze 



A. niger 
A.flavus 
A, glaucus 
A. ochraceus 
A. restrictus 
A. candidus 
A. ustus 
A, versicolor 
A. fiavipes 

Penidllium spp. 

Altemaria spp, 

Acremonium spp. 

Fusariumspp* 

Morderella spp. 

Ceotriduun spp. 

Scopulariopsis spp. 

iya//emia spp. 



A. niger 
A.flavus 
A, glaucus 
A, restrictus 
A, candidus 
A. versicolor 
A. fiavipes 
Penidllium spp. 
Altemaria.spp. 
Acremonium spp. 
Fusarium spp. 
Mortierella spp. 
Scopulariopsis spp. 
Phialophora spp. 
Wallemia spp. 



Ai% 



Substanz 
Bl% 



Gt% Dl% 



0 

0 
105 

3 

2 
14 

0 
12 

0 

57 . 
6 
6 
2 
0 
1 
0 
2 



0 
1 

117 
2 
4 
10 
0 
5 
2 
28 
10 
8 
3 
0 
0 
9 
2 



0 
0 
102 
0 
0 

24 
0 
6 
0 

33 
6 
0 
0 
0 
0 
0 
1 



0 
2 

83 
0 
2 

13 
1 
8 
0 

33 
8 
2 
0 
3 
0 
0 
0 



1 

1 

72 
0 
1 
5 
0 
2 
0 
9 
5 
0 
Q 
0 
0 
0 
2 



02% AJR2% A/D2% P/%2% Fl% 



1 
0 
51 

1 
1 

i 

0 
24 
10 
0 
0 
0 
0 
0 
0 



0 
0 
83 
6 
8 
8 
5 

32 
6 
1 
0 
0 

1 

0 
0 



0 
0 
44 

1 
2 
4 
0 
28 
6 ) 
0 • . 

0 ;i 

1 V 
-^0-^J 

0 : 
0 ; 



•I 



0 
0 
0 
0 
0 
0 
0 

1 

19 
0 
0 
2 
3 
2 

39 
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Tab. 6: Pilzspcktxum < 
Wirkstoffoehandlung (Ac 

Pilze K 



A. fiavus 
A, glaucus 
A. restrictus 
A. candidus 
A. nidulans 
A. ochraceus 
A. versicolor 
Penidllium spp. 
Alternaria spp, 
^ Acremonium spp. 
Fusarium spp. 
^Mortierella spp, 
WrScopulariopsis spp. 
^Wallemia spp^ • 



f^Av fiavus 

^. glaucus . . 

tA .restrictus 

rA. candidus • ; 

§:Ai nidulans [ 

lyll versicolor 

^ A, fiavipes 

^^Penicillium spp, 
^•Altemaria spp. 
WAcremonium spp. 
M Mortierella spp. 
mScopulariopsis spp. 
^Wallemia spp. 



2 
91 
3 
4 
0 
0 
14 
32 
14 
3 
1 
1 
1 
4 



Auch mit Ethanol beha 
lund PenicUlium spp. infizi 
Jund die Ispflavankombinati 
lo'effektiv. seiiken konnten. W- 
; war, wurde cin starker Bef. 

(Tab. 6). • 

Ene tJaturstofibehand 

Nach dem Auslegen dt 
rBuschbohncn 29 % und be 



faucus und JPe- 
rte das Auftre- 
nte den Befall 
ierten das Iso- 
im50%. 
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Tab. 6: Pilzspektruin der Sojabohne (120 Samen/ Variante) nach cincr 
WtfkstofEbehandliing (Acet6n/30:Mmuten) zwci Wodicn n acfa detn i^slegen 

Substaoz . ■ ) I 



paze 


K 


A2% 


B2% 


D2% 


El:% 


E2% ; 


A. juxvus 


*> 

X 


0 


0 . 


0 




1 


A., gioucus 


yi 


81 


81 


31 


56 


38 


. r\» resiTlctUA 


a 


A - 
V • 


1 


1 


3 


2 


i^. conatous 




4 


0 
0 


1 


3 


■ 3 






U. 


1 

I 


A 


G 


0 


^« ocnraccus 


A 


1 


A 
U 


0 


p 


0 


Versicolor 




4. 


14 


0 


6 


3 


jreniciHiurn spp* 




A'i 
4 J 


4 J 


12 . 


25 


11 


A ltemaria spp. 


14 


7 


12 


5 


7 


14 


Acremonium spp. 


3 


2 


1 


0 


0 


0 


Fusarium spp. 


1 


0 


1 


0 


1 


0 


Mortierella spp. 


1 


0 


1 


1 


6 


0 


Scopulariopsis spp. 


1 


0 


1 


0 


0 


0 


1Va//e/nia spp. 


4 


4 


4 


0 


4 


3 








AyB2% 


A/E2% 


D/E2% 


F 1 % 


A.flavus . 




■ . • * 


1 


1 


Q 


0 


A. glaucta . 






73 


. 51 / 


21 . 


h . 


A,.restrictus 






.3 


.1 


■ i . 


Q\ 


A. cartdidus 






2 


2 




0 


A, nidulans 






1 


0 


6 


0 


A, versicolor 






8 


1 


■ i' ■ 


0 


A. flavipes 






0 


1 


0 


0 


Penicillium spp. 






43 


^1 


si 


0 


Altemaria spp. 






5 


4 


5. 


40 : 


Acremonium spp. 






0 


3 


t ' 


0 


Mortierella spp. 






1 


0 




2 


Scopidariopsis spp. 






0 


2 


Q 


0 


fVa//e/nia spp. 






3 


1 


4 


17 



Auch mit Ethanol behandelte Sojasamen waren in der Kbntrolle stark mit A. glaucus 
und Penicillium spp. infiziert Es zd^ sidb, dafi die Isoflavane D dud E 2 % a S 
und die Isoflavankombination D/E 2 % a. S. den BefaU mit diesen beiiden Ugerpiken 
effektiv senken konnten. Wahrend Benomyl (F) 1 % a. S, gegen diese Pflie hoch wirksam 
war. wurde ein staiker Befallsanstieg nait Altemaria spp. und WWfcinwi spp. festcesteUt 
(Tab. 6). • ^ . i . 

Eine Naturstoffcehahdlung d^JSamra fiilir^ nicht zu verringerten keimraten (Tab. 

Nach dem Auslegen der Samen auf SMA betrug die Saroenfeuchte am 7. Tkg bei den 
Buschbohnen 29 % und bei den Sojabohneh 38 %. r 
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T^b. 7: Anzahl gekeimter Samen nacfa eiher Naturstoffbehandlung nach 7 Tagen 



Substanz 



Busdibohne 



Sojabobne 



K 
A 
B 
D 
E 



1% 
1% 
1% 
1% 



30 
29 
30 

30 



29 
29 
30 
30 
28 



Diskiission 

Lagerpilze der Gattung Aspergillus und Penicillium fiihren zum V?rderb und zur 
Mykotoxinkontamination von eingelagerten Samen. In einigen Landem betragcn die jahr- 
Uchen Verluste bis zu 30% der Enite (Nccrgaard, 1977). Der haufig^ Befall der Sa- 
men mit Primarbesiedlern aus der i4. gfcwcu^-Gruppc (Rapcr und F^nnell, 1965; 
Kennedy, 1964; Mislivec und Bruce, 1977; Onesirosan, 1982; Wjeidcnborner 
und Hindorf , 1989) und Toxinbadnem wie A. flavus und A, petrakii (Hesseltinc et 
al , 1966; Hesseitine et a!., 1972) steUt die dortige Landwirtschaft vor gyoBe Probleme. 
Physikalische, chemisdie und bioiogische Verfahren sind zur Kontrolle von Lagerpilzen 
entwickelt worden (Feuell, 1966; Ash worth et al, 1968; Schroeder et al.. 1968; 
Brown et aL, 1975; Pathak et aL, 1981; Bilgrami et al., 1982; Malinli et aL, 1983b; 
Reddy ct aL, 1983). Ihre Anwendung und/oder Effektivitat ist aber au^ verschiedenen 
Gruiiden ptoblcmatisch. Eine Alternative konnte der Einsatz von Natur^ffen aus der 
Klasse der Flavonoide/Isdflavonoide seini, ddren antimikrobielle Eigensdiafteri bekannt 
slnd(Cruickshank und Perrin, 1971;: Kaplan und Thomason. 19®; Bull, 1981; 
Pett undOsman, 1982> V. ^ 

Eine Infektion der behandelten Sam^n wurde zuerst m der Hilumrcgipn sichtt)ar, die 
eine naturliche BruchsteUe zwischen dem Samen und dem Funiculus d^rstellt (Gunn, 
1981; Strasburger et al., 1983). Das ITiluin kann neben der Mikropyle bis Hauptinfek- 
tionsstellc fur Lagerpilze angesehen werden, soweit keinie Riisse oder Bruche in der Sa- 
mehsdiale vorhandeh siiid (Lopez und Christensen, 1962). Ein Pilzwachstum auf 
der Samenoberflache wurde dagegen seltener festgesteflt Die teilweise Kohen Befallsie- 
duktionen der Samen durch cine NatiiristbfEbehandlung zeigen, daB die Siibstanzen nicht 
nur eine Oberflachen desinfizierendc Wirkiing bcsitzen. Es ist davon ausz^igehen, daB die 
Stoffe in Verbindung mit bestimmten organisdien Losungsmittcln bis in die Testa ^ten- 
gen. Eine „Desinfektion" der SamenoberMche war erwartet worden, da die fungizide 
Wirkung dieser Substanzen gegen Myzel und Sporen bekannt ist (Cruickshank und 
Perrin, 1961; Tomiyama et aL , 1968; van Etten und Bateman, 1971; McCance 
und Drysdalc, 1975; Smith, 1976; Kramer et al., 1984; Weideiiborner et al., 
1989c). Obwohl aufgnind der Untcrsudiungen von Mejf^r und Mayer (1971), Tao et 
al. (1974), Royse et aL (1975), Ellis et al. (1976), Muchovej und Dhingra (1979b) 
sowie Muchovej und Dhingra (1980) yon einemOVansport jdar Su 
Samenschale ausgegangen werden konnte, ist dieser mogjicbc Efifckt dodi etwas uberra- 
schcnd. Nach Dhingra und Muchovej (1980) werden namlichThiophianatmeA^^^ 
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RH 2161 in Verbindung mit organischen Losungsmitteln z.T. nicht ini die Samenschale 
transportiert. 

In den Buschbohnenversuchen konnte einc nachlassende Wirlfsamkeit von Flavon 
(A) 1 % a.S. und von Flavanon (B) 1 % a.S. beobachtet weidcn'(Tab. 1, 2, 3)/ Eine 
Konzentrationsertiohung auf 2 % a. S fuhrte jedocb za.&nec verbesserieh "Wirkung. Eiii 
Abfallen der Wirksamkeit bis zuni 21sten Tag konnte aber auch hierdurch nicht verhin- 
dert werden (Tab. 3). Verglichen mit der Wlrksamkeit des 6,7-Dihydrox5^4*-inethoysaso^ 
flavonons (C) 1 % a. S. war das Isoflavan (D) 1 % a, S. aktiver, Der voUstandig hydrierte 
Ring C und die aplanaie Molekulstruktur von Isoflavanen (Perrin und' Cruick shank, • 
1969; van Etten, 1976; van Etten und Pueppke, 1976) scheinen eine gewissen 
RoUe zu spielen. Es ware moglich, dafi diese Molekulstruktur das Eindringeii der Sub-^ 
stanz in die Samenschale erleichtert Eine erhdhte Konzentration und damit eine erhohte 
fungizide Wjrkung in der Testa wSien die Fplgen. In der KonzentrationJ2 % a. S. konnte! 
die Wirkung der Substanz um wdteie .20 % gesteigert werden (Tab. l|, 2, 3). Nach.2I 
Tagen waren 52.6 % der mit 6,7-Dihydroxy^3*-methylisoflavan (E) 1 % ja. behandelteh 
BuschbohniKisamen befellsfrei. Inwiefem andere oder Misdiungen verschiedeher Lor 
sungsmittel (Nandi und iFries, 1976) oder eine Temperaturerhohung^bei der Behand- 
lung auf beispielswcise 40 *C die Effektivitat der Substanzen steigem kohnen, mussen 
weitere Untcrsuchungen klaren. Bei der Behandlung der Buschbohnensamen wurden die 
besten Ergebnisse eizielt, wenn zwei Substanzen kombiniert zum Einsatz kamen (Tab. 1» 
2, 3). Auffallig ist hier, daB die Kombination Flavanon/6,7-Dihydroxy^4*-methoxyisofla-: 
van (B/D) 2 % a. S. immer eine hohm. Aktivit&t als die; Substanzkombiiiation dieses Iso*' 
; flavans mit Flavon (A/D) 2 % besaB (Tkli. 1, 2, 3). Einzeln angewendet^ar nSnilich Fla-j 
von (A) stets wirksamer als Flavon (B). Synergistische Effekte zwischen 6 und D konnten^ 
die Ursache sein. Nur die Mischung 6,7-Dihydroxy-4'-methoxyisoflavan/6,7-Dihydroxy- 
3'-methylisoflavan (D/E) 2 % a, S. und Benomyl (F) 1 % a. S. erzieltenjnoch hohere Be-; 
fallsreduktionen. Die schon in friheren Untersuchungen festgestellte hohe fungizide 
Wirksamkeit dieser beiden Isoflavane unter in vitro Bedingimgen (Weiidenborner et 
aL, 1987 und 1989a) bestatigten sich auch in diesen VersuchCT. Bei den Versuchen der: 
Sojabbhne (Aceton) waien nadi 14. Tgigen noch 64.4*% der Benomyl (F) 1 % a. S. be-! 
handelten Samen be&lls&eL Das 6 j"bihydroxy-4'-methoxyisoflavan (D) 2 % a. S. zeigte; 
im Vergleich zur Kombination 6,7-Dihydroxy:^4*-methoxyisoflavan und 6,7-Dihydroxy-3'-; 
methylisoflavan (D/D) 2% a.S. eine lidhere Wirkung (Tab. 1, 2). Aufgrund der fungi-! 
toxischen in vitro Wirkung der beiden isoflavane D und E (Weidenborner et al., 1987 
und 1989a), war eine starkere Wiiicsamkeit der Kombination D/E 2 % a. S. erwartet' 
worden. Gerade diese Wirkstbffkpmbination war im Buschbo.hnenveriuch hoch aktiv.- 
Moglicherweise wird nur eine geringe Menge dieser Isoflavanmischung in Verbindung miti. 
Aceton in die Samenschale der Sojabohne transportiert 

per Transport einer Chemikalie in die Samenschale hangt \l a. vom Verwendeten L6- 
sungsmittel ab (Tao et al., 1974;.Muchovej und Dhingra, 1979a urid 1980; Dhin- ; 
gra und Muchovej, 1982). Aus die$em Ghmd wurde aufler Acetoii auch 96 %iges: 
Ethanoi bei der Sojabohnenbehandlung eingesetzt Die Isofla^oid-^Behandlung der So- 
jabohnen (Ethanoi) fuhrte im Ver^ch mit dem Versuch Sojabohne (Aceton) zu hoheren ; 
Befellsreduktionen. Die Kombination~6,7-Dihydroxy-4^metho:qdspflayan]/16,.77 • 
3'-metfaylisofIavan (D/E) 2 % a. S. war sogar wirksamer als Benomyi (F) 1 % a. S. (Tab. 
1, 2). Es sdieint, daB Isofiavonoide in Verbindung mit Ethahpl verstarkt in die Sainen- - 
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«.hate der Soiabohne bcfoidert weiden. Durch die Verwendung anderer LSsungsmittel 

Sri^ S S^dJung mit I^vonoideh aUdn, noch diejcnige mit einer kombmataon yon 
^;Sef SSvonoiden. verursachten derart statkc Befall^edul^onen wte d« m 
^oSra Isoflavonoide. Auch Muchovej und Dhingra (1979a^und 1980) 

1977 GUzenef und van Etten. 1978; Hodgkin und Lyon. 1979) wurde dicscr 
St ° dcr vorlicgcndcn Untersuchung mcht bcobachtet. Die Kei««a«n F^yonoid/lso- 
»^ bchSdcftcr Samcn entsprachen denen der 

Senc Erklarungen konnten hierfiir gegeben weidcn. Entweder gdangctt die 
S^^SS nidxt oder nur in aufierst geringcn Mengen bis z«m Embryo o^er aber die 
.sinoesetttenWrkstoffesindnichtphytotoxiscli. „,.'.., ,1^ - 

^^riictcnden Ergebnissc lassen den Schlufl zu. daB die Wirksamke^t der einge- 
setz^L sS2^ ^nSd«e«n Fakto^^n beeinfluBt wird. Die Molekulstr^ktur hat 
S!h diTSSSe Bcdeutong. Die substituierten Isoflayane w^^^ 
^™i^n SulS^ Dies sttomt mit den Ergebnissen fruherer Untersuchungen ubercm 
sameren "^f*.^, cV InWieW^ aber die besondere Molekfilstruktur der 

S^rioS^W^Skeit diesef Substanzen fur die starken Bcfall«eduktion«. ^y^: 
S mfissen wdtcre Vcrsudie klaren Auch das eingesetzte Losungsputtcl beem- 
JS?i wSSkeit Dies witd aus den Versuchen der Sojabohnen mitjAceton und 
E^L^^ZaIs dritter wichtiger F^ktor ist der Aufbau und die chemische Zusam- 
m^e™ d«^^ der verschiedehen Samenarten zu nennen. Vergle,chen wjr d.e Er- 
Tt^Slr muiC^hnenvcrsuche mit denen der Sojabohnen (A«eton/Ethpol), so war 
reSSX^StK>hnenb« der Befenuita^ Es schdnt. daB^die Sub«^- 
crSwert in die Samenschaie der Sojabohne eindringen v«mpKn. B«m Ver- 
ddrd« Sflora naturstoffbehanddter Samen mit der der jeweiUgen ^trpUvarwo- 
rSS, «SrSubstanzeh/Substanzkombinati^^^ i„hibier«.de Wjrkung geg« 
pS Eine Erklarung hierfur konnen nur eingehendere Untersfichungen ge- 
tS^e S^Sxdlung mit substanzen aus dieser Naturstoffklasse wu.de «sj.ak 
Sler^orh^nden Arbeit durchgefuhrt. Zudem findcn sid» m <^^^ '^^^ 
Suen detaiffierte Angaben fiber die Auswirku^gen einer San.enbdu«dlun| auf d.e My, 
koflora Griinde fur die spezMische Wirkuhg dner Substanz smd u. a. s.cheri.d» m ^ 
SaSTder Pilze am^^r im Samen z» sudien In diesem Zusamm^g du^ 
aS^Tch die untersdiiedlichc Empfindlichkeit von Myzel und Sporen sow^ *Jf;„*5as 
: ZLi auf der Samenoberfiache und/oderin der Testa Jf 
pS^ttSmsvcrmogen dner Substanz in Abhangigkeit vom Losungsmi*:! <^ cm we. 
SSSVaktor sdn. Folgeuntersudmngen konnten hieruber AufWan^g gebe.^ . . 

<S die Wad«tum*edingungen fur die Pilze optin^l ^^1^^^^^^^^ 
betrSTnach Samemirt zwisdien 29-38:%, die Platten wuiden be. 27 'q ^b™tet ■- 
S Le Nanirstofibehandlung d« S^en den-Bef^^ 

Sdend reduziercn. Die Wirksamkeit el^ger Natunrto^ehandhingen 1^ durctom 
mk d« des Fungizids Benomyl vergUdien weiden. Wdtere Unteisudiungeq zur (^tonne 
^ig L NaSdnsatzes U d« Samenbdu^^ 
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Verwendung dieser Substanzen als Ersatz fur konventiondle Fungizide|indglich-ma^^ 
und spmit sowohi das Nahrungsangebot als audi die fur die nacfaste Aussaat benddgte 
Saatgutmenge in den betfoffenen EntwiddungslSndeni gara^ ># 



Zusammenfassung 



In^^er voriiegenden Untersuchuhg wurde die fungizide Wrkung von Natuistoffen,^ 
Flavpnoiden und Isoflavonoiden sowie dcrcn Dcriyate, auf Lagerpilze der Gattung Aspergil- 
lus anhand eincT Sanienbchandlung der Sojabohrie {Glycine max L.) unjj der jBuschboh- 
ne (Phaseoius vulgaris L.) getestet. Es aeigte sich, daB die Kombination^n Flavanon/6,7- 
Dihydroxy-4'-methoxyisoflavan 2 % a. S. und 6,7-Dihydroxy-4*-meth<5xyisoflavan/6!7- 
Dihydioxy-3*-inethylisof!avan 2 % a^S. nach drei Wochen den Pilzbefall der Buschboh- 
nen urn 87.9 % bzw. 87.1 % reduziertcn. Im Fall der Sojabohne konntd eine Hemmung 
des Pilzbefalls um 69.9 % durch die Kombihation 6,7-Dihydroxyr4*-mfethp3q^isoflavan/ 
6J-Dihydroxy-3'-methyIisoflavari 2% a.S. nach zwei Wochen erzielt werden. Benomyl 
1 % a. S. behandelte Samen wiesen ahniich niedrige Befallswerte auf. 
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pL- : : 

fi^Abstract — Two naturally occurring isoflavones, genistein and biochanin A, and their dihydroderivates (isoflavanones) 
as well as nine perhydrogenated isoflavones (isoflavans) were tested for their effects on mycelial growth of the two soil 
'borne fungi Rhizoctonia solani and Sclerotium rolfsii. All the isoflavonoids of the biochanin A series showed high 
^ antifungal activity. Genistein isoflavan and the other isoflavans with two hydroxyl groups and one methoxy group 
# were fungitoxic, while isoflavans with two or three methoxy groups were almost inactive. 



introduction 

The effects of isoflavonoids on microorganisms have been 
investigated by several groups of workers [1-5]. It has 
been established that some of them possess strong antimi- 
crobial activities [6-9]. However, less information is 
available regarding the structure-activity relationship 
of these compounds. In continuation of our previous 
work [1, 6, 10, 11] further data are presented in this 
publication. 

results and discussion 

In the A, -3 series the isoflavan A3 was the most 
effective substance inhibiting mycelial growth of R, solani 
to 79.5% and S. rolfsii to 91.6% at a concentration of 
0.8 mM, In contrast to the Aj -3 scries, in the B, .3 scries all 
the isoflavonoids showed high antifungal activity. At the 
highest concentration tested (0.8 mM) these isoflavonoids 
inhibited the growth of R. solani and S. rolfsii in the 
range of 70-80% and about 90% respectively. The anti- 
fungal activity of the isoflavan C3 at concentrations of 
0.2 and 0.8 mM was also high. R. solani was inhibited 
up to 80% and S. rolfsii to 91% at both these concen- 
trations. The isoflavans D3 and E3 caused significant 
inhibitions of mycelial growth only in the highest con- 
centration (0.8 mM). The inhibitory effects of both to- 
wards S. rolfsii amounted to 94%. The other four iso- 
flavans, F3-I3, possessed low antifungal activity. A max- 
imum inhibition of S. rolfsii up to 57.9% at a con- 
centration of 0.8 mM was observed only in the case of the 
isoflavan I3. The isoflavan H3 stimulated mycelial growth 
of S. rolfsii at concentrations of 0.05 and 0,2 mM to 23%. 
while there was no significant activity at a concentration 
of 0.8 mM. 

As in the case of 5.7,4'-trihydroxy-isoflavan A3 against 
R. solani and S. rolfsii in the present investigation, Ad- 
esanya et ai [12] found that the 7,2',4'-trihydroxy- 
isoflavan demeihylvcstitol was fungitoxic to Cladospor- 
ium cucumerinum and Aspergillus niger. However, in our 



previous investigations [!, 11] the 6.7,4'-trihydroxy-iso- 
flavan was inactive against different fungi. Also the 6,7,4'- 
trihydroxy-isoflavone/isoflavanone showed low activity 
while the corresponding substances of the genistein series 
A I and A 2 were active to some extent. Similar results were 
obtained by Adesanya et al [12] with genistein. The 
differences in activity between the 6,7,4'-trihydroxyiso- 
flavone/isofiavanone and the substances A, and A2 may 
be ascribed to the presence of the hydroxyl group at C-5 
in the latter compounds. In other investigations [II, 13, 
14], it was found that even a smaller number of hydroxyl 
groups can confer antifungal activity to isoflavans. This 
shows that the degree of reduction, the position and the 
number of hydroxyl groups together constitute import- 
ant parameters for high activity of the substances. 

It was shown earlier [6] that unsubstituted isoflavon- 
oids (isoflavone, isoflavanone, isoflavan) possessed weak 
antifungal activity and only after introducing suitable 
substituents in particular positions were these isoflavon- 
oid structures fungitoxic. In our present investigation, we 
find that the substituent pattern of B 1-3 series, viz. two 
hydroxyl groups at C-5 and C-7 and one methoxy group 
at C-4', is conducive to a high antifungal activity. In this 
case the degree of reduction seems to play only a minor 
role. 

Among the tested substances, a comparison of the 
effectiveness of the isoflavones genistein (A,) and bio- 
chanin A (Bi) reveals that the presence of a methoxy 
group instead of the hydroxyl group at C-4' bestows a 
high activity. Johnson et al [15] obtained similar results 
when testing these two substances against Cercospora 
beticola and Monilia fructicola. Furthermore, the iso- 
flavone Bj is even more active than the isoflavan B3. This 
is in contrast to the hypothesis that a skewed, aplanar 
molecular shape of the isoflavans [ 1 6, 1 7] is essential for a 
high activity [8]. In'one of our investigations [6],'it was 
found that the 6,7 -dihyflroxy-4'-methoxy- isoflavan was 
fungitoxic to difl"erent moulds of the genus Aspergillus. 
These results led to the conclusion that two hydroxyl 
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groups and one methoxy group in an isoflavan guarantee 
a high activity irrespective of the position of the substitu* 
ents in the molecule, provided one of the rings is dis- 
ubstituted. This is demonstrated by the isoflavans 83,03, 
D3 and E3, which have two hydroxyl groups and one 
methoxy group in their molecules and whose ring A is 
disubstituted. The importance of derivatising phenolic 
groups to ethers for increased activity was established by 
Van Etten [16], Ingham [18], Ingham [19] and Matt- 
hews and Van Etten [20]. The presence of an ether 
function apparently protects the substance against micro- 
bial transformations [21]. It was also shown [14. 16] that 
two hydroxyl groups and one substituted oxygen func- 
tion other than a methyl-ether group make the isoflavan 
strongly antifungal. Further methylation could impair 



the activity. Also in the present investigation, the iso- 
flavans F3, G3, H3 and I3 with two or three methoxy 
groups were almost inactive. However, sativan, a 7- 
hydroxy-2',4'-dimethoxy-isoflavan was found to be more 
active than the corresponding 7,2'-dihydroxy-4'- 
methoxy-isoflavan vestitol [16], In a recent investigation 
[II], it was found that the 6.7-dihydroxy-3'-methy|. 
isoflavan is highly active. 

EXPERIMENTAL 

Isoflavonoids. 13 isoflavonoids were tested in 3 concentrations 
for their effect on mycelial growth of two soil-borne fungi, 
R. solani and S. rolfsii. Three compounds belong to the 5,7,4'. 
trihydroxyisoflavone series A, _ 3, while 5,7-dihydroxy.4'-meth. 
oxy-isoflavonoids belong to the series B,.3, The isoflavonoids of 
each series differ only in the degree of reduction. Besides the 
isoflavans A3 and 83 seven other isoflavans C3-I3 were also tested 
(Table 1). In order to study the influence of gradual reduction on 
the antifungal activity, the isoflavones were catalytically (Pd-C 
H2) reduced to isoflavanones and isoflavans. The purity and 
authenticity of these products were verified by physical methods 
(NMR and MS). All the substances were synthesized in the 
Institute of Physiological Chemistry of the University of Bonn. 
Fungi and culture. The soil-borne fungi R, solani and S. rolfsii 
- were originally isolated from Phaseolus vulgaris and Iris hollandica 
in German soils near Cologne and kept in the fungus collection of 
the Instilut fur Pflanzenkrankheiten at Bonn. Both fungi are 
pathogenic to soybeans [22]. 

The effect of isoflavonoids on mycelial growth was invest- 
igated in liquid culture. The soln contained 30 g malt extract and 
3 g peptone per 1 I distilled H^O. Me^CO served as the solvent for 
the addition of isoflavonoids. The solvent concentration in the 
soln was maintained at 1.1%. Medium (20 ml) including the 
particular isoflavonoid in the required concentration was trans- 
ferred to 100 ml Erlenme^er flasks and inoculated with five small 
pieces of mycelium (5 mm in diameter). The flasks were incubated 
at 23-25' on a reciprocal shaker for 7 days. 

Concentrations of isoflavonoids. From phytoalexin experiments 
[1,23], it is known that concn in the range of I0"--10"'M 
exhibit fungal inhibition. Therefore the concentrations of 0.5. 2.0 
and 8.0 X I0~* M respectively were used in these tests. 



Table 1. Effect of isoflavonoids on mycelial growth of so/am and S. rolfsii {% difference in wt as compared with the control) 







R. solani 






S. rolfsii 




Compound 


0.05 mM 


0.2 mM 


0.8 mM 


0.05 mM 


0.2 mM 


0.8 mM 


A, 


-25.0 


-33.5 




-44.5 


-64.6 


-66.6 


A2 
A3 


-16,8 


-50.0 


-52.4 


-58.7 


-63.0 




+ 31.6 


-79.5 


+ 27.7 




-91.6 


B, 
B2 
B3 




-50.1 


-79.6 


-65.4 


-57.0 


-90.8 




-73.4 


-71.1 


-26.5 


-92.3 


-92.1 




-40.5 


-76.6 




-49.3 


-89.2 


C3 


-20.6 


-79.9 


-78.3 


-28.8 


-90.9 


-90.8 


D3 


-8.7 


-10.1 


-86.3 




-12.5 


-94.3 


E3 
F3 


-7.9 


-16.9 


-84.4 




-23.7 


-93.7 




-31.7 


-39.4 






G3 


-29.9 


-35.2 


-24.2 




-36.5 


-38.2 


H3 
I3 


-19.7 


-25.7 


-23.5 


+ 22.8 


+ 20.6 




-22.9 


-14.6 


-15.7 


-17.5 


-22.9 


-57.9 



[(+)indicates significant growth stimulation. (-) indicates significant growth inhibition]. 
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Evaluations of results. Round filter papers (Schleicher & Schul! 
^W^o, 595) were weighed after drying for 24 hr at 105*. After 
1 filtration of the culture, the residue was dried and weighed as 
i^dcscribed above. The diflerence of the weighings gave the dry wt of 
IH- the fungus. The mean value of eight repetitions for each concentra- 
:^ .^tion and fungus was used for calculation. The data were evaluated 
, by analysis of variance. Probability of single difierences was 
r ^'calculated at the 5% level. 
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Abstract — ^The fungicidal activity of two isoflavones, one isoflavanone and seven isoflavans was tested in malt extract 
broth against five storage fungi of the genus Aspergillus. While the isoflavones and isoflavanone show only low activity, 
the two isoflavans 7,8-dihydroxy-4'-methoxyisoflavan and 6,7-dihydroxy-3'-methylisoflavan were highly inhibitory to 
Aspergillus. Structure-activity relationships are discussed. 



INTRODUCTION 

Isoflavonoids are products of secondary plant metab-'' 
olism of legumes [1] whose antimicrobial effects have 
been extensively studied [2-7]. The utilization of these 
natural compounds as substitutes for conventional fungi- 
cides in the prevention of plant diseases has been consid- 
ered [8, 9]. However, to find suitable fungicides in this 
group of isoflavonoids in vitro screenings and the estab-^ 
lishment of structure-activity relationships are essential. 
Such a study may be of immense use in developing some 
of the isoflavonoids as suitable antifungal substances 
against storage fungi of the genus Aspergillus. The follow- 
ing investigation presents further data in continuation of 
our previous work in this field [6, 10, II]. 

RESULTS AND DISCUSSION 

The three isoflavonoids 1-3 showed weak inhibitory 
activities. Contrary to our previous experience, the iso- 
flavan 3 stimulated the growth of A. repens and A. 
petrakii. When compared with 1, the isoflavone 4 is a 
stronger inhibitor of fungal growth. The isoflavan 5 
caused 70.3 and 86.9% growth inhibition of A. amstelo- 
dami and A. chevalieri. respectively. The growth inhi- 
bition up to 89.5% of A. repens^'sit concentration c was 
statistically not significant. The isoflavan 6 exhibited 
growth stimulation in the case of the fungi of the A. 
glaucus group (A. repens, A. amstelodami, A. chevalieri) at 
concentration a, but at higher concentrations it was 
inhibitory. The isoflavan 7 inhibited the growth of A. 
petrakii up to 51.2 and 58.8% at the concentrations b and 
c, respectively. The other fungi A, amstelodarm and A, 
chevalieri were inhibited weakly. The isoflavan 8 was 
found to be a poor inhibitor of fungal growth. Of all the 
tested compounds the isoflavan 9 showed the highest 
activity with all the fungi studied. At concentration c it 
inhibited the growth of fungi up to 98% (excepting X. 
petrakii which was inhibited only up to 73.2%). The 
isoflavan 10 showed lower inhibitory activity. 

Although our previous investigations have demon- 
strated that isoflavans, in general, possess higher activity 
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than the corresponding isoflavones and isoflavanones 
[10], all three isoflavonoids 1-3 show a uniform level of 
low activity. This and other results [7, 12] are contrary to 
the conclusion that the antifungal activity depends on the 
skewed, aplanar molecular shape of the isoflavans and 
pterocarpans [13], Meanwhile our own results [11, and 
unpublished results] and those of Van Etten [7] have 
been able to show that neither the molecular shape nor 
the degree of reduction is exclusively responsible for 
inhibitory activity. The low activity of 6,7,4'-trihydroxy- 
isoflavan (3) [10] as well as of 6,2',4' and 2',4',6'- 
trihydroxy-2-phenylbenzofuran [14] indicates that sev- 
eral hydroxyl groups in the molecule are not conducive to 
antifungal activity. Ward et al [15] obtained similar 
results with trihydroxydihydrophenathrene. It seems that 
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the hydroxy! groups contribute to the higher p larity of 
the molecule which may minimize the fungal membrane 
permeability of the substances. Smith [16] and Adesanya 
?ff V ^'^""^ kievitone to be very effective against 
different fungal species. This activity was reduced when 
the more polar kievitone hydrate was examined Also the 
oxidation of the lipophilic side chain of kievitone to the 
hydrophilic primary alcohol resulted in decreased 
activity However, 7,2'.4'-trihydroxyisoflavan (demethyl- 
vestitol) IS fungitoxic to Cladosporium herbarum and 
Aspergillus niger [17]. It appears that, in addition to the 
number of polar groups, the position of the substituents 
m the molecule exerts an influence on the activity 
Companson of the isoflavonoids 4 and 5 with 1-3 reveals 
that in spite of the common o-dihydroxylic groups in 
both series the presence of a methoxy group in 4 and 5 
plays a decisive role in conferring activity. The methoxy 
group may also be important for the stability of the 
substances against fungal degradation [181 While the 
isofiavan 5 is fungitoxic to A. glaucus group with 70-87% 
inhibition, the isoflavone 4 reduces the growth of A 
repens at concentration b only up to 41%. This cor- 
roborates our results that isoflavans with two hydroxyl 
and one methoxy group are highly active irrespective of 
the particular substitution pattern [6]. The isofiavan 5 
only inhibits A^flavus slightly, while there is no effect on 
mycelial growth of A. petrakii. By contrast mycelial 
growth of A, glaucus fungi is strongly inhibited. These 
results show that fungi vary in their susceptibility to 
growth inhibition by isoflavonoids [19]. The results 
obtained with the isofiavan 7 indicate that one hydroxyl 
and one methoxy group in the molecule are insufficient 
for high activity [10, 20]. On the other hand, the presence 
of two hydroxyl groups as in case of the 7,4'-dihydroxyis- 
oflavan 6 produces effective inhibition of the test fungi 
O Neill and Mansfield [20] observed similar effects with 
•t'^.'^!?^^''^''^'^^^^^^'^- However, the antifungal effect of 
7,4 -dihydroxyisoflavan against Aspergillus melleus, Peni- 
ri /"w^ar/wm culmorum is rather low 
[10]. This shows that two hydroxy groups may guarantee 
some antifungal activity, but only against certain fungi In 
the present investigation, the isofiavan 10 had little effect 
on mycehal growth of the five species of Aspergillus 
Considenng that the fungi may metabolize isoflavonoids 
U 1, 21-23], a transformation of ID (demethylenation of 
the methylenedioxy group) might produce the highly 
active 6,7.dihydroxy-4'-methoxyisofiavan [6]. However 
ihcgcnns Aspergillus does not appear to be capable of 
such metabolism and no metabolite of this type could be 
detected m the extract of the culture medium. The 
fungicidal effect of the isofiavan 8 is also low, probably 
due to the presence of methoxy groups at 3'- and 4'- 
positions [20]. The most effective compound of all is the 
isofiavan 9. At concentration c mycelial growth of all 
fungi is inhibited up to 70% or more. Whether the methyl 
group in the B-ring and the two hydroxyl groups in the 
nng-A of an isofiavan together with the skewed, aplanar 

r.^H^'f ^u'^^''*' responsible for the high activity 
needs further investigation. 

EXPERIMENTAL 

The fungi used in this investigation were all soil-bome species 
of the genus Aspergillus: A, repens de Bary, A. amstelodami 
.(Thorn & Church) and A. chevalieri (Mangin) Thorn & Church of 
the Aspergillus glaucus Link group; A.flavus Link of the Asper^ 
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gillus flams Link group and A, petrakii Voros of the Aspergillus 
ochraceus Wilhelm group. They were isolated from seeds of 
soybean, pigeon pea, kidney bean, peanut and cotton [24]. 

The effect of isoflavonoids on mycelial growth was investi- 
gated in liquid culture. The solution contained 30 g malt extract 
and 3 g peptone 1 dist. HjO. McjCO was used as solvent for the 
isoflavonoids. The solvent concn in the solution was maintained 
at 1.1% Jevel Medium (20 ml) including the particular iso- 
flavonoid in the required concn was transferred to 100 ml flasks 
and inoculated with five small pieces of mycelium (5 mm in 
diameter). The flasks were incubated at 23-25** on a reciprocal 
shaker for 7 days. 

Concentrations of isoflavonoids. From phytoalexin exper- 
iments [25] it is known that concentrations in the range 
10"*-10~' mol/1 exhibit fungal inhibition. Therefore the con- 
centrations of 0.5, 2.0 and 8.0 x 10~'^ mol/1 denoted as a, 6 and c 
respectively were used in these tests. 

Evaluations of results. Round filter papers (Schleicher & SchuU 
No. 595) were weighed after drying for 24 hr at 105**. After 
filtration of the culture the residue was dried and weighed again. 
The difference in weights gave the dry wt of the fungi. The mean 
value of 8 repetitions for each concentration and fungus was used 
for calculation. The data were evaluated by analysis of variance. 
Probability of single differences was calculated at the 5% level. 

Isoflavonoids, 10 isoflavonoids (Table 1) were tested at 3 
concns for their effect on mycelial growth of 5 moulds of the 
genus Aspergillus, These isoflavonoids were obtained by syn- 
thesis in the Physiological Chemistry Institute of the University 
of Bonn, and their purity and authenticity were verified by 
physical methods (NMR and MS). 
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IN^VITRO VERSUS IN-VIVO ACTiyiTIES OF NEW 5-LIP(^YGENASE INHIBITORS 
WITH ANTIINFLAMMATORY ACTIVITY 
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Summaiy: The possibfe relationship betv</een in-vitro inhibition of iipoxyigenase (LOJfcyclooxygenase 
(CO) and in-vlvo anWnflammatofy effects of compounds such as isofiaifanes (Zy 76369, Zy 16372, 
Zy 16681) was investigated. The tatter were all shown to be potent S-LO inhibitors when tested in vitro 
on human peritoneal macrophages (ICso- 1-7imrdl/l), Zy 16372 and Zy\16681 also inhibited the 12- 
and IS-LO and, to a minor extent, the CO. In order to- evaluate the antiiril^mmatory and antiproliferative 
effects of these compounds in vivo they were applied topically to mice. No definite correlation could be 
made between the inhibition of the ear oedema induced by arachidoni&acid (AA), the inhibition of the 
epidermal ornithine<fecarboxylase (GDC) activity induced by 12'0'tetrkdecanoylpt)orbol'13racetate 
(TPA), and the in-vitro activities of the compounds. Zy 16372 appeared \to infiibit the oedema dose- 
dependents (EDso^Sumolfear) and seemed to be the most potent among the 3 compounds tested 
and slightly more potent than the reference compound riordihyckoguaiakaiic add. As mhit^ttys of TPA- 
induced ODC, all 3 compounds &(hit}ited comparable activity. These hsults suggest Uyat the in-vivo 
effects of the compounds might be mediated by components other tliah AA metatyoliies, and/or be 
related to their sp^ic kinetic patterns. 



fntroductlon 

Metabolites of the arachidonic acid cascade, 
especially those of the lipoxygenase (LO) path- 
way, are thought to be involved in the patho- 
genesis of inflammatory, skin diseases such as 
psoriasis (1.2). Compounds abfe to block the 
lipoxygenase activity may represent not only a 
suitable tool for elucidating the role of some of 
the mediators involved in inflammatory processes 
bui also a potential therapeutic approach for 

. Address for reprints: Or J.<8. Monlandon. ZYMA SA, 1260 Nyon. 
Switzefiand. 



inflammatory skin diseases. 

Therefore, new iaofjavane derivatives were first 
characterized in vitro as lipoxygenase inhilDilors in 
human peritoneal fnacrophages stimulated with a 
calcium ionophore. They were then tested in vivo, 
for their antMnframmatpry activity in the arachidonk; 
acid (AA)-induced mouse ear-oederina model (3) 
iand for their antiprolifejrative activity, fay measuring 
their inhibitory effect on the activity of ornithine de- 
carboxylase (ODC)-induced by 12-O-tetrade- 
canoyl-phorboI-13-acetate {TPA)-in the epidermis 
of hairless mice. The induction of this rate-limiting 
polyamine bkjsynthesis enzyme, ODC. might 
reflect the degree of elpidermal hyperplasia (4). 
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Matorlals and methods 



Measurement of endogenous eicosanoid 
production in human peritoneal macrophages 

Macrophages were isolated from the ascitic 
fluid of six patients with alcoholic liver cirrhosis by 
centrifugation arvj sedimentation on lymphoprep 
(Nycomed. Norway). The formation of leukotrienes 
(LTs). monohydroxy-eicosatetraenoic acids 
(HETEs) and prostaglandins (PGs) was measured 
In samples contairting 10® macrophages per 1 ml 
Krebs-Henselheit buffer. Macrophages were pre- 
incubated with the lest compounds (0.34. 3.4, 34 
and 340|imol/I) for 2rnin at 37^ while stirring 
gently: glutathione (2mmof/l) was added and after 
3mln the cells were stimulated with calcium 
ionophore A 23187 (2MmoI/l). After a further 
10-min incubation, the samples were centrifuged 
for 2min at 1400 xg and the Incubation fluids 
were kept frozen at -70*0 until tested by radio- 
immufx>assay. Detemnination of LTs, HETEs and 
PGs was performed in volumes of 10. 25 and 50|il 
respectively, with antisera from Advanced 
Magnetics Inc. (MA, USA). Cross-reactivities were 
less than 0.2% for related eicosanoids. ^H-!abelled 
eicosanoids were obtained from Amersham (UK). 



Arachidonic acid-induced mouse^ar oedema 

Mate mice (MAO 1. 25-31 g body weight. 
8 animals per group) were anaesthetized arid 
arachidonic acid (Fluka 99% pure, 2mg/25pl 
acetone) was administered to the inner surface of 
the right ear using a glass mlcroplpene. Test 
compounds (in 25^1 acetone) were administered 
topically 40 min prior to arachidonic acid. One 
hour after arachidonic acid application the mice 
were killed by cen^icaj dislocation and the thick- 
ness of the right and left ears was measured with 
a micrometer (Mitutoyo). Ear oedema was deter- 



mined by subtracting the thickness of th^fl ear 
(vehidettreated ear) from the! right ear (compound- 
treated iear). ED50, defined' as the dose of the 
compound which produces a 50% inhibition o^ the 
oederfia^ was estimated graphically. 

OOC acuity induced by TP A in the mouse 
epiderrrus 

Treatment, TPA (Sjgma) lOnmol in 100 ^1 
acetone; was applied topically on the right flank 
over an iarea of about 10sq.cm of (HRO)-hair!ess 
male mice (20-25 g ibody weight. 3-5 animals 
per group) using a glass microptpette. Test 
compouhds OnlOOMl acetorie) were administered 
topicall^ 40m{n prior jo TPA application on the 
same site. All procedures were performed under 
subduied light.' The mice were subsequently 
housed in the dark untii sacrif ice in order to mini- 
mize pHotodegradation of the compounds and 
particulairiy of all-trans-retinoic acid (RA). used in 
every es^periment as a reference compound. Five 
hours ^fler TPA application, the mice were killed 
by coEvibal dislocatk>n.; The skin from each entire 
treated flank was then cut off. and knmediately 
frozen: in dry ice. Skin pieces were kept at -80^ 
for 1 —2 days prior to an ODC assay. 

ODC assay, ODC was determined according to 
the method of M. Connor ef a/. (5). slightly modi- 
fied in pur i£d)oratory. Briefly, the frozen skin 
pieces v^re dijsped in a 55^0 water-bath (0.9% 
NaCI) -foir 30 sec. immediatelly cooled In an ice- 
coUi 0^.9% NaCI sokitkKi. and then the epidermis 
was scraped off with a sc^dpel blade. The epi- 
dermis Was homogenized at 4'*C in a buffer 
(pH = 7.4) containing 50mmol/l Tris. O.l mmol/1 
EDTA;: and 5 mmol/l ; dithiothreitol (DTT). The 
homogefjiate was centrifuged at 4**C for 30 min at 
30.000 xi g. Then, 200^1 of supernatant was 
removec^ and pipetted ! in a reaction vessel con- 
taininfii ^|il of assay; medium (final concentra- 
tions df the various reagjents in 400^1 total volume 



In-vitro and in-vivo activi^ o^1ig0i:vffo^^»^ 



were : Tris SOmmot/l; EDTA O.l nnmol/I: DTT 
5 mmoi/l; pyridoxal pTiosphate 0.2 mmoM; L-omithtne 
0.1 mmol/l; pH = 7.4} containing 0.25 liO L-(t -C^^) 
omtttme (MEN. 40-60 mCi/mfnol). 
' TNa reactioh vessels were dosed and fitted with 
a filter paper soaked in IMCS and incubated at 
37^ for 90min. The reaction was stopped by the 
addition of 500 mI of 40% trichloroacetic acid 
and ttie ^'*COz trapped on the filter paper was 
evaluated by C*^ counting in a stand»d scintit- 
lation cocktail. Protein content of ttie supernatant 
was determined using the Bio-Rad protein assay. 
OOC activities are expressed as pnnot ^"^Oz 
fdeased per mg soluble protein per 90 rhifi 

: The isoflavane derivatives, the chenrucal struc- 
tures of which are presented in Fig« 1, were aU 
^xjfid to be 5-LO inhibitors m vAlro <ICso« 
l-SimioM) In human perHoneai macipphages 
stimulated by the catetum ionophore A 23187 
(Table I). Zy 16372 and Zy 16681 also inhibited 

Tabto I Effects of isoffavm derivatives on afe o s a nofc f 
pfoduction ty human peritaneet mecfoptja^es. 

Eicosanoid Zy 16369 Zy 16372 Zy 16681 

Meai ICso values Cpmoi/I) 



LT8« 


4 


5 


2 




2 


2 


1 


^5-HETE 


■f- 


9 


17 


124«TE 


>500 


16 


20 


6kPGF,. 


>ss» 


150 


140 




20 


12 


30 




nj. 


+ + 


>500 


PGD, 


>500 


10 


3 



t sKgntly sUmutatsd: ^4 stimulated: n.!. not iiiNt}i£ed 
LT leiMtionei HETE hydfoxyeioosatetraenoic acid, 
PG pfo st agland&x. Tx thnmbOMne. 



Cao^ CGncentraUon ol trie compound yielding a 50% inhiiition of 
mediator teleasa, estimated graphicafty from dose-responaa 
cuiyas. 




Zy 16169 (4*-fflethoxy-;b.^Hn0ihy(eflaaeJcy*ispflavm 




Zy 16681 (4-J.Btrihydrmy^lavane) 

FI9.I Chenrical structureajoflltte isotlavane derive 

the 12- and ISrLO i)(^ = 9-2Q\jim<^. Addition- 
ally, the isoflavane derivatives exhtbjtM ah inhi- 
bitory effect on the f6nination of some cyclpoxy- 
genase products. Tl^y were all shdwn to be 
thromboxane inhibitors l{ICso - 12-30Mmol/i). Zy 
16372 and Zy 16681 !ir^iblled also PGQz Ibmia- 
^(lC5o»3-10MnrK^^ 
In vivo, in the AA^in^ueed ear oedema (Table Ji) 
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Tabit II Effects of topicaffy apph'ed compounds on aracN<Sonic 
acid'induead mouse^ar oedema. 



Compounds 



EC^ Maximum 
(pmoVear) inhibmon (%)• 
(limol/ear) 



Test compounds 
2y 16369 

2y 1668t 

2y 16372 

Reference compounds 
Nordihydroguaiaretic acid 

Saltxjtamoi 

Dexamefhasone'* 



notachievBd 
not achieved 
5 

to 
aoo4 

0.008 



5-24 
(7) 

20-30 
(7) 

50-55 
(5) 

40-50 
(10) 
80 
(0.04) 
70-80 
(0.016) 



* The increase of ear thickness Induced by ^achidonic acid 
alone ranged from 15.4 ±1^ to 27.6^ 1.9 xto-'nm 
(mean± S.E.) above cohliot ear thickness dependnng on (he 
experiment. The maximum inhibftion given in the labie repre- 
sents the range of vaiuiss obtaihed from several experiments, 
including dose-respcr)se studies. 
** Oexamethasone used as a reference compound, was applied 
180 min before AA instead of 40min as kx the other 
compounds. 

E050: dose of the compound yielding a 50% Inhibition of the 
oedema: estimated grapliicatly from dose'r8Spor)se curves. 

2y 16372 seenoed to be the most potent among 
ttne three isoMavane deiivatives tested (EOso^ 
Spmol/ear). It was sfigHtly more porent than 
NDGA, the refererice corriipound for LO-inhibitors. 
However, sallxitamol and dexamethasone, used 
as reference compounds for the test, yielded ED50 
values of 4 and 8nmol/ear respectively. 

As inhibitors of . TPA-induced OOC (Table III), 
all three Zy-compounds exhibited comparable 
activity (max. inhibition : 20-45% at 10-30|imoi/ 
lOcm*), whereas NOGA did not inhibit the TPA. 
induced OCDC under our experimental conditions. 
All-trahs-retinoic acid, used as reference 
compound Ibr the test, exhibited an EObo lower 



Ta^ ia effects of tophalfyappMeomfioundsii^phott^ 
estp' (rPA)^n<UKad ornithine dacarboxy/ase (ODC) aefiviiy ;ij 
haMess mouse epidemiis. 



Corripdunds 



Maximum inhibition (%}* 
(Mmol^lOcm^ 



Tiest compounds 
2^16681 

Zy 10372 
Refererce cornpounds 

Nc^d^iydroguaiaretic add 

Betirvbic acid (alf-trans) 



30-4Cr* 
(from i to 30) 

(from i to tO) 
40-45 
(20) 

n.L 
<30» 
70-90 
(0.002) 



• Oepc^nding on the experiment, basal levels of OIX activity in 
ep^d^miis ranged from 10. 7 ±4.4 to 21 .0*1:4 and TPA^ 
indijqedODCactftntyfrqmS,588± 1.081 toai26:£ t 
'*(J<Vmg protein ir> 90 min incubation (mean = S.E.). The 
m^xirrium inhibition given in the tabie represents the range of 
vajUes obtalried from severai experiments, including dose- 
respohse studies. 
i|io^doise<lependent 
ri.l:j No inhibition. 



than;-2hmoi/10cm^ : 
DIscuiislon 

tnfjarpmation and epidertnal hyperprdiferation 
are dmpng the features niost promirient in several 
skin ^diseases. Furthermore, inflammatory pro- 
cesses! are thought to involve metabolite of the 
arachidonic acid cascade. : 

I Isoffavane derivatives were evalt^ated in 
vitro fprj their effects on eicosainoid production and 
foundj 16 inhibit the release of LO product^ and, to 
a minojr extent. CO i prodijcts. Compared with 
resulfe jobtatned frorri the - literature, these iso- 
flavarieiderivatives exhibited a potency as 5- and 
12-LO inhibitors similar to that of the loiown 
LO/CCHnhibitors phentdone and NOGA (4). 



i 



ln*vitro and tn-vivo activities oNie 



The compounds were then tested in vivo in an 
inflammatory model (AA-induced mouse ear 
oedema), involving LO and CO products as main 
mediators of inflarinmation (7). When tested on the 
AA-induced ear oedema model, the reference 
compounds salbutamol, dexamethasbne and 
NOGA yielded ED50 values in agreenrient with 
published data (3. 8). Salbutamol and dexameth- 
asone. which are known to be active by mechan- 
isms other than LO/CO enzyme inhibition, were 
about 1,000 times more potent than NOGA. Zy 
16372. the most active among the iisoflavane 
. derivatives tested, and NOGA. the reference 
compound for LO/CO inhibitors, exhibited a 
comparable, moderate inhibitory effect; on ear 
oedema. 

The isoflavane derivatives were further tested in 
a model possibly mimicking a pathophysiological 
epidermal proliferation (TPA-induced ODC). In this 
tatter model, lipoxygenase inhibitors were reported 
to inhibit the induclk>n of ODC by TPA (9). 

Results descnbed in the literature indicate that 
LO/CO-lnhibltors such as NDGA and AA 861 . a 
benzoquinone derivative, inhibited TPA-induced 
ODC activity by 50% and 80% respectively (10, 
: 11). In our experiments NDGA did not inhibit the 
TPA-induced ODC. The apparent discrepancy 
between our results and published data con- 
cerning NDGA might be explained by differences 
in methodology (TPA dosage for ODC inductk^n. 
strains of mice halrfess HRO versus CD-I). In 
contrast, the isoflavane derivatives were compar- 
ably and moderately inhibitory of the induction pf 
ODC activity by TPA. 

Although products of the lipoxygenase pathway 
are thought to be mediators of the iear oedema 
induced by AA and to be involved in the induction 
of ODC by TPA. the results that we obtained 
showed that the isoflavane derivatives tested and 
NDGA did not exert a potent inhibitory effect in 
either of the in-vivo tests. 

A definite correlation between tfie in-vitro and 
in-vivo activities of isoflavane derivatives could not 



be ascertained. Our results suggest that both AA- 
induced oedema &nd TPA-induced! ODC involve 
more features thari the products of the LO/CO 
pathway alone. Moreover, kinetic parameters 
specific for the compounds (skin perielration 
and/or metabolization) might explain !the mbderate 
in-vivo activities of the compounds. 
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Effects of alpha-tocopherol, its carboxylic acid chromane compound 

and two novel antioxidant isoflavanones 

on prostaglandin H synthase activity and autodeactivation 
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and Biochemistry. Justus-Liebig-Univcrsity, Klinikstrasse 36, D-6300 Giessen, Federal Republic of Germany 



Summary. The natural antioxidant alpha-tocopherol has re- 
peatedly been described to inhibit platelet aggregation and 
throniboxane formation, whereas its influence on prosta- 
glandin H synthase in vivo and in vitro is a matter of contro- 
versy. In the present study the efTects of diflerent antioxidat- 
ive compounds on ram vesicular gland microsomal prosta- 
glandin H synthase activity were investigated in vitro: d,l- 
alpha-tocopherol, its carboxylic acid chromane compound 
(Trolox), phytol, alpha-tocopherolacetate and two novel 
antioxidative isoflavanones, obtained by methylation and/ 
or hydrogenation of naturally occurring isoflavones from 
fermented soybeans (6,7-dihydroxy-4'-methoxyisofIavanone 
and 6,7,4'-trihydroxyisoflavanone). Alpha-tocopherol, 
-acetate and phytol revealed no significant influence on the 
enzyme activity when applied in concentrations up to 1 mM. 
Trolox (100-1000 fxmol/I) and the two isoflavanones (5- 
50 and 10- 100 jimol/1) dose-dependently augmented the 
initial rate of oxygen consumption and the total oxygen 
uptake during prostaglandin H synthase incubation with 
arachidonic acid (AA). In parallel, these compounds in- 
creased the formation of prostaglandin and alpha from 
C-iabelled AA, and they markedly protected the prosta- 
glandin H synthase from rapid autodeactivation as revealed 
by repetitive application of AA in small doses. We suggest 
that these compounds serve as cosubstrates to which the 
oxidizing equivalents are transferred which arise during the 
hydroperoxidase reaction of the enzyme. 

Key words: Prostaglandin H synthase — Prostaglandins - 
Alpha-tocopherol — Isoflavanones — Antioxidant 



Introduction 

d,l-Alpha-tocopherol has been described to inhibit platelet 
aggregation and release reaction in vitro and in vivo (Steiner 
and Anastasi 1976; Steiner 1978; White et al. 1977). Elevated 
platelet thromboxane and malonaldehyde production in 
states of vitamin E deficiency (Pritchard et al. 1982; Hamelin 
and Chan 1983) and a moderate but consistent reduction of 
platelet prostanoid generation by high dose alpha-toco- 

Send offprint requests to W. Seeger at the above address 
•This manuscript includes parts of the thesis of U. Moser 
Abbreviations. AA, arachidonic acid; PC, prostaglandin; IC50, con- 
centration for 50% inhibition; vi, initial rate of oxygen consump- 
tion; Trolox, 6-hydroxy-2,5,7,8-tetramcthylchromanc-2-carboxylic 
acid;/?02, oxygen tension in solution 



pherol supplementation suggested an inhibitory effect oj 
antioxidative vitamin on platelet prostaglandin H synti 
activity (Ali et al. 1980; Gilber et aL 1983; Mower , 
Steiner 1983). Similarly, serum levels of PGE2 and PC 
alpha revealed an inverse relationship to the serum cone 
trations of alpha-tocopherol (Hope et al. 1975; Maci 
1978). In contrast, the activity of the rabbit semitendinc 
muscle prostaglandin H synthase was found to be decrea 
during vitamin E deficiency (Chan et al. 1980). In rat rc 
medulla slices, alpha-tocopherol at a concentration 
5 mmol/l revealed no influence on PGE2 and PGE, , 
generation (Zenser and Davis 1978). Controversial ob 
vations were also reported on the vitamin E effect on pro: 
glandin H synthase in vitro: whereas Nugteren et al. (19 
absorbance measurement at 278 nm) and Vanderhoek a 
Lands (1973; oxygen uptake measurement) described inhi 
tory effects of high doses of vitamin E, Panganamala et 
(1977, 1982) and Rao et al. (1979) found no influence oft 
compound on the conversion of *'*C-Iabelled arachido 
acid (AA) to prostanoids. In the present study we inve> 
gated the effects of different antioxidative compounds 
ram vesicular gland microsomal prostaglandin H synth: 
in different test systems in vitro. The experiments includ 
alpha-tocopherol, its carboxylic acid chromane compou 
(Trolox) as well as two novel antio.xidative isoflavanon 
obtained by hydrogenation of naturally occurring is 
flavones from fermented soybeans (so called "Tempeh"). 



Materials and methods 

Substances 

6,7-Dihydroxy-4'-methoxyisoflavanone and 6,7,4'-trih. 
droxyisoflavanone (Fig. 1) were generously provided b 
Prof Dr. Zilliken (Bonn, FRO). d,l-Alpha-tocopherol an 
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic aci 
(Trolox, Fig. 1) were kindly supplied by Hoffmann-I 
Roche (Basel, Switzerland) and indomethacin by Merci 
Sharp & Dohme (Darmstadt, FRG). Arachidonic aci 
(>99% purity), dj-alpha-tocopherolacetate and phyt< 
were purchased from Sigma (Munich, FRG). Epinephrin 
was obtained from Fluka (Neu-Ulm, FRG) and hydroge; 
proxide (35%) from Riedel-de Hacn, Seelze, FRG). Th 
concentration of the hydrogen peroxide stock solution wa 
controlled repeatedly by means of the glutathione peroxi 
dase assay in the absence of catalase (Seeger et al. 1984). A' 
other reagents were supplied by Merck (Darmstadt, FRG 
and used in p. a. quality. 
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6 - hydroxy - 2.5.7.8 - tetramethylchroman - 2 - carboxylic acid 

(Trolox) 




OCH. 



6.7 " dihydroxy - 4' - methoxyisoflavanone 




OH 



4^ 



6.7.4'- trihydroxyisoflavanone 

Fig. 1. Structures of Trolox, 6,7-clihydroxy-4'-mclhoxyLsonavanonc 
and 6,7,4'-lrihydroxyison;ivimonc 



^^C-Arachidonic acid (specific activity 53.8 mCi/mmoI), 
^H-prostaglandin £3 (specinc activity ISOCi/mmol) and 
^H-prostaglandin F2 yipha (specific activity 145 Ci/mmol) 
were purchased from Amersham-Biichler (Braunschweig, 
FRG). ^H-6-keto PGF, ( 1 20 - 1 80 Ci/mmol) and -'H- 
thromboxane 82 (100- 1 50 Ci/mmoI) were from New 
England Nuclear (Dreieich, FRG). 

Preparation of ram veskulargkmd microsomal fraction. The 
isolation procedure was similar to that described by 
Nugteren and Hazelhof (1973). The vesicular glands were 
obtained from a local slaughter house and were cleaned 
and homogenized with nine volumes (w/v) Tris«HCl buffer 
(0.1 mol/1, pH 8.3), using an Ultra Turrax homogenizer. The 
homogenate was sonicated for 2 min at CC and centrifuged 
at 10,000 X g for 20 min at 4'*C. The supernatant was filtered 
through gauze and centrifuged at 105,000 x g for 1 h at 4*'C, 
whereafter the pellet was resuspended in Tris-HCI buffer 
and again centrifuged at 105,000 x^ for 1 h. This pellet was 
Uken up in water, shortly homogenized and lyophilized. The 
dry microsomal fraction was aliquoted and stored at — 70°C 
until use. The protein content was determined according to 
i-owry et al. (1951). 

^^ygen incorporation measurements. The incorporation of 
oj^ygen into AA was determined by measuring the change 
(IgjX^^^ tension in solution (pOj) according to Egan et al. 
V ^'o). PO2 of the gas-tight oxygen monitor chamber was 
measured by a Clark oxygen electrode (Nilsson et al. 1981) 
trnA ^ ^^^^^^^^ of <3 s (Eschwcilcr, FRG). The elec- 
iroae was regularly calibrated by use of a freshly prepared 
solution at 37^ C (zero) and Tris-HCl bufier solu- 
«ons (0.1 mol/1 pH 8.3, 37^ C) which had been equilibrated 



^nPOatmmHg) 



AA(50Mmol/l) 

i Baseline Drift 




t (min) 1 



Fig. 2, Examples of the slope of oxygen consumption following 
admixture of AA to prostaglandin H synthase in the absence and 
in the presence of different concentrations of 6.7-dihydroxy-4'- 
methoxyisonavanonc. The baseline drift olpOz is indicated 



with calibration gases containing 5% O2 or 15% O2. The 
water-jacketed oxygen monitor chamber, containing 2.3 ml 
Tris-HCl buffer (0.1 mol/1, pH 8.3) and 0.3 mg microsomal 
protein, was kept at a constant temperature of 37" C, Com- 
poimds to be tested, dissolved in 5 |j1 ethanol, or an 
equivalent volume of the vehicle alone were admixed and 
the oxygen tension was recorded for 2 min. A decrease in 
/>02 of < 1.5 mm Hg/min was accepted during this phase. 
The reaction was then initiated by addition of AA in 5 jil 
ethanol to give a final concentration of 50 pmol/l. Initial 
reaction rates (Vi) were determined from the linear portion 
of the oxygen monitor trace at the onset of the reaction 
(Fig. 2). Additionally, the oxygen consumption after 5 min 
was read, corrected for the baseline drift noted in the 2-min- 
preincubation period. Oxygen tension was converted to oxy- 
gen concentration in solution according to the Charles law 
(on the basis of a solubility coefficient of O2 in water of 
0.0234 cm^g H2O {37^C, 760 mm Hg) and the Boile 
Mariotte gas law, 1.21 nmol/1 O2 is calculated for an oxygen 
tension of 1 mm Hg). In separate experiments it was checked 
that none of the compounds to be tested initiated a decrease 
in PO2 in the absence of the microsomal protein that 
surpassed the allowed pOj baseline drift of 1.5 mm Hg/min. 

Radiochromatographic measurement of^^C-AA oxygenation. 
The reaction conditions corresponded to those during the 
oxygen incorporation measurement. The reaction chamber 
(37°C) contained 2.3 ml Tris-HCl buffer (0.1 mol/1, pH 8.3) 
and 0.3 mg microsomal protein. Compounds to be tested in 
5 |il ethanol or the vehicle alone were admixed for 2 min and 
the reaction was started by addition of unlabelled AA and 
30.000 dpm ^"^C-AA in 5 \i\ ethanol to give a final concen- 
tration of 50 ^tmol/1. After 5 min the reaction was terminated 
by addition of 25 mg SnCl2 in 5 ml ethanol, thereby 
converting the endoperoxides synthesized preferentially to 
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r^f^ (Yoshimoto et al. 1977; Hemlcr et al. 

1 V76). The whole volume was acidified to pH 3.5 by addition 
of ctnc acid (2 moI/1) and was extracted twice with 4 5 ml 

S^^^inn'^^"' l^'y^"' evaporated, the residue redis- 
solved m 100 jil ethyl acetate and 20 pi were spotted on the 

SlSS'°FlrT ^h' P'^'^ Merck, 

uannstadt, FRG) under nitrogen-stream. Labelled stan- 
dards were spotted on the same plate, and thechromatogram 
was developed under N, three times, using ethyl acetafr- 
glacal acetic acid 99:1 as mobile phase. The pattern of 

Tt^rTnlT.T^^^^'''''^^'^^^^ with 
fc^ f ^ i radiochromatogram scanner and peaks were des- 
ignated by companson to the standards. The whole silica 
gel was scraped off in fractions and radioactive rnateriS 
was extracted by shaking vigorously for 2 min witT lO r^ 
«:.nt.llat,on fluid. Radioactivity was measured with a 
Beckman liquid scintillation spectrometer. Counting ef^ 
ficiency was determined by external standardization All 

?e,e min^t'' '"'"'"'''^ f desintegrations per min and a 
determinations were performed twice. Radioactivity corre- 

eTaSve"fo'theSio°^H^- ^^'^^ ^^"^^ ^^vS. 
relative to the total radioactivity on the plates. 

Photometric measuremen, of the hydroperoxidase-activity of 
prostaglandtn H synthase. The hydroperoxidase-activity w2 
•md o" ein T^i^^i ('^"''^^"^hi and Shi 1972; Rahimtula 
and O Bricn 1976). The cuvette at 37 C contained 1 mmol/l 
tuiA I mmol/l epinephrine and 50 ng microsomal nro- 
ein m 1 ml Tris-HCI buffer (0.5 mol/l, 9.0). Compounds 
to be tested in 5 pi ethanol or the vehicle alone wereTncu- 

400 umol/l HO ^''^/'i"'^''^" w*** started by admixture of 
400Mmol/l H,0^ and the formation of adrenochrome was 
recorded at 492 nM. The initial (linear) increase in optSS 
density ,n the presence of the compound to be tested (j1 
n m,) was given relative lo the ^£/min in the presence of 
the vehicle only (A E/min,.) according to: 

A E/mit\J/i £/min, x 100 (%). 

sen^Ir H O f """"Jk ^l^«"°'=hrome formation in the ab- 
sence of or in the absence of the microsomal fraction 

sTanlrr^'^l '''' ^P''*^'" '•^"^''y increase of tSe 

isonavanni;?'T."' '"""P' '""^ 6.7-dihydroxy-4'-methoxy! 
chrom. r 7*"' ^°"'P°"nd initiated a rapid adreno- 

waTthLS^ornoT ^h'- T"'* ^''^ epinephrine alone.and 
was tneretore not used in this assay. 



Results 

- Qxygen incorporation measurements 

pmlefn and a'a containing microsomal 

Sf 89 5 i 1 o11^™ 'ly^'" consumed with an initial rate 
w-.l * ;« ^^™o'/mln (mean ± SD, /» = 14) (Fie 2) 
a^d ILIot'j ''^P*^ consumption Sned 

nr.rt:« rl? ^^o^sidering the stoichiometry pro- 

K ? u .r °2 ^""^ incorporated per mol of AA 

about half of the substrate was metabohz^ aTord ngVd 

InhibZ^l'^.f.u ^n'Jo'n^hacin dose-depe2tW 

Ind the to^a ox™ ^'^^^''^ °^ "''y^^" consumption 

and the total oxygen uptake measured after 5 min with an 
IC,o of about 0.05 ^mol/1; and at 1 jimol/l both parrmeter; 
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(wmol/l) 




^0 50 160 (pmol/0 500 1000 

Fig. 3. Dose-enect curves of the different compounds on the ini. 
rate of oxygen consumption (p.) and the total amount of oxy 
uptake ancr 5min (AO,). A v, in presence of the different co 
pounds IS given in percent of the initial velocity of Oj uptake o 
standard experiment with vehicle only that was performed in par 
!fp.? ^A^^ decrease of soluble oxygen (fimol/l) in presen 

or the different compounds. The starting point on the j-axis gi% 
the O2 uptake of a standard experiment with vehicle only th 
was performed in parallel. Each point is the mean of duplia. 

expenments. O O 6.7-dihydroxy.4'-methoxyisonavanon 

6.7,4-tnhydroxjisonavanone; □ □ a-tocop! 

Ph° t I " ^ ^ tocophcrolacetate; * 



ranged below 10% (experiments performed in duplicate) 
d.l-Alpha-tocopherol, d.l-alpha-tocopherolacetate and ph> 
tol up to concentrations of 1 mmo!,/! showed no marke* 
influence on the initial velocity of oxygen uptake nor on th. 
total amount of oxygen consumption (Figs. 3 a and b). Ir 
concentrations between 100 and 
1000 mnol/i and 6.7-dihydroxy-4'-methoxyisonavanone be- 
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80 ^%f PGE»»PGF>, ] 
I lioiai radioactivttyj 




p. . _ — (pmol/l) 500 1000 

X-axis gives the AA conversion in ihV,"""' ^ "^"'"^ P°'"' «" '^e 
experiment with vch^"c on v^k?. !L ° Pjo^'anoids of a standard 

point is the mean o?duSiSe^x'^^„So^ 
4 -nicthoxyisonavanonc- •-- - • a t!," . TT °-'-«l'hydroxy- 
□ □ a-tocopheroi; - ''^^^;;''y''^0''y.sonavanone; 



induced siS ahcr.^^;'- ^'^'^ -^"•'ydroxy-isonavanone 
was induced only by the fir^i a a 

feature is known to be ^usS ivl^ "'fT" '^'8-4). This 
enzyme during AA ox^.^-^ !^ autodeactivation of the 

flavanone. of 100 umom li f;^-''**^y'l^o''y-4'-methoxyiso- 
of 500 Mmol/ Trobx th! A I' -.^"hydroxy-isonavanone or 

oftheinitial velocitJoKoxygr^'JuXS 

yiocHron,aiograp,ic measurement oP^C-AA oxygenation 
In the standard reaction, 30-35% of the total '^r a a 
found to be converted to PGE, and PGf! rFi?"^^ r^' 
conversion was Hnc*. a vI .^^2 alpha (rig. 5). This 

methacin.wiS Lic .rJ!''^"*^ by indo- 

performed^ljica^l) Tnconh' (experiments 

formation offhe two to^^-^--^'^^ '^'^^'^^ ^ 
tween 100 and Toolmol/? m concentrations be- 

isonavanones u^Z lt c» '^e two 

measurement of Svaei L "'' ^rations as for the 

percentage SfPGEfSpGF ^".augmented the 
of the tofal radioacdvhy ' ^^""^tton to 75 - 80o/„ 



concentrattons of 200 pmol/l revealS no sfgnmSn 
ence. Higher concentrations could not be tested bee 
Sed'fn'"'""^ ^'"^^^ '''^^ compounds 

SionV 13?rand tfsv T'''' 
7m.v.^i/i / ^•'-'/o ana 153% m concentrat ons of 
2mmol/I (experiments in duplicate) Trihvdro 

theTte"oVah?'? ' "■■'^'--'-nal effect li.h an £0 
ine rate of absorbance to 143, 145 and 147o/ Mt ^ t 

2 mTovl' ^ '^"^^^^ '° ^« i«'/-"o\' 
Discussion 

During the AA cyclooxygenase step 2 mol of oxvae 
consitmed per mol of AA metabolized. reTuhing in the 
ound ''fn^Vhe' "^'^^ '"''-1 reaction ra 

Sso^-a. pritetTc^o-rVes^d^ ^t^'^-' 

rnfirrf''-- 
riir:oVi;^s3T,LT9tr 

the total oxygen uptake after 5 m.n fbout I?if S^t 

s^udv'K'^'.K'" ''"^ proid"u":,'^f.h1pr:. 
chmm .^^ K '''' """"^ conditions, the ra. 

-.y bccxplained by the possible 

pSt"and^GF"" radioact.vity distinct from £dc.l 

afec oi diHercnt AA products ocntributing to the me-.«.., 

.ncSed°nr'''°"- ^""''^""o-- therf might be" o, 
rutoxidation "f ^^^'"^"'^ consumption due 

autoxidation of microsomal hpids in the presence of a 

bearTna on. chromane compound of alpha-tocophero 
^crS^^ll carboxyhc add side chain, dose-dependeS 1- 

«iiy protected it from rapid autodeactivation in a concen 

tocorhero w fhTh K-r^^^"^"^ properties as alpha- 

(f^hhMmhZ J of quinoid redox function 

980 S et al mt m'?^' Gallo-Torres 1980; Machlin 
^yoyj iMiKi et al. 1985; McCay et al. 1982) In eeneral ih^re 

the n^o 'T °' i"'«ra«ion of radici scal^nge ^ S 

Stin;?enfv™t'rc" ^^''^ P™'^'" PossfssesTwo 

aistinct enzymatic properties: the lipoxygenase-tvoe of reac- 

SeT^hvd^^ '° hydropero^y en'd^p'ox'S PGG , 
While the hydroperoxidase-type reduces the hydroperoxy 
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group of PGG2 to the corresponding alcohol PGH2 (Gale 
and Egan 1984; Kalyanaraman and Sivarajah 1984; Lands 
et al. 1984). Radical scavengers may interact with the 
carbon-centered AA free radical or with AA peroxyl radicals 
arising during the lipoxygenase step (Schreiber et al. 1986). 
Hydroperoxides are stated as necessary for the activation of 
this step, and scavenging of the propagating AA peroxyl 
radicals would accordingly result in an inhibition of the 
prostaglandin H synthase (Lands et al. 1985; Hemler et al. 
1979; Hemler and Lands 1980; Taylor el al. 1983). The 
activating effect of Trolox on the enzyme, however, 
alternatively suggests that this compound serves as a reduc- 
jng cosubstrate that is oxidized in conjunction with the 
hydroperoxidase step. The mechanisms by which oxidizing 
equivalents are transferred to the oxidizable cosubstrate 
vary among the substrates and may include both non-radical 
and radical mechanisms, e.g. release of a soluble species that 
possesses many characteristics akin to those of the hydroxy 
radical (O'Brien and Hawco 1978; Egan et al. 1978, 1979, 
1981: Kuehl et al. 1980; Marnett 1984; Eling et al. 1985; 
Markey et al. 1987), As these oxidizing equivalents are sup- 
posed to be responsible for the irreversible inactivation of 
the enyzme, the suggested interaction of Trolox with the 
hydroperoxidase step is in accordance with the finding of a 
marked protection against the rapid autodeactivation upon 
repetitive application of small doses of AA. It is also compat- 
ible with the stimulation of adrenochrome formation, when 
hydrogen peroxide is offered as substrate for the 
hydroperoxidase step. This view is supported by recent stud- 
ies by Markey et al. (1987), who noted a direct correlation 
between the ability of diflerent phenolic compounds to pro- 
tect against hydropcroxidc-induccd inactivation of the pros- 
taglandin H syntha.se and their ability to serve as reducing 
cosubstrales during the hydroperoxidase step. The higher 
doses of Trolox needed in the hydroperoxidase assay (1 — 
2mmol/l) must probably be ascribed to the presence of 
1 mmol/1 epinephrine, which itself causes activation of the 
prostaglandin H synthase by serving as a cosubstrate 
(Kalyanaraman and Sivarajah 1984; Pacc-Asciak 1972). 

In contrast to its carboxylic acid chromane compound, 
alpha-tocophcrol did not activate the prostaglandin H 
synthase. This is in accordance to the fmding that this vit- 
amin, though being an excellent radical trap, cannot act as a 
protective agent against the autodeactivation of the enzyme 
(Porter el al. 1980). There was also no inhibition of the 
oxygen consumption during AA cyclooxygenation, which is 
in contrast to the study of Vanderhoek and Lands (1973), 
describing an inhibitory effect of the vitamin on this par- 
ameter with an IC50 of 500 |imol/l. However, their assay 
system contained 670 \imo\/\ phenol and therefore ad- 
ditional interactions might be responsible for the difference. 
This is suggested by a study of Rao et al. (1979), who found 
no significant effect of tocopherol or nitroblue tetrazoUum 
on the AA conversion by ram vesicular gland microsomes, 
but an effective inhibition when these agents were applied 
|n combination. The obvious contrast between Trolox, serv- 
ing as cosubstrate for the prostaglandin H hydroperoxidase 
reaction with protection against autodeactivation of the en- 
fyme, and the ineffectiveness of the whole vitamin is surpris- 
ing. The additional phytyl side chain of the vitamin is nor- 
nially believed to facilitate the access of the antioxidative 
chromane compound to lipid-rich compartments (Machlin 
^^0; McCay et al. 1982; Murphy and Davis 1981), and no 
hindrance of the properties of the chromane compound has 



hitherto been described. Adverse effects of the phythyl chain 
were excluded by the ineffectiveness of phytol itself and by 
the ineffectiveness of tocopherolacetate, incapable of under- 
going redox reactions. 

The characteristics of Trolox were mimicked, even in far 
lower concentrations, by two isoflavanones, possessing a 
6-hydroxy group corresponding to the free hydroxy group 
in the chromane ring of alpha-tocopherol (Fig. 1). These 
two compounds are methylated and/or reduced derivatives 
of the 6,7,4'-trihydroxyisonavone first isolated from 
"Tempeh" (Gyorgy 1964), which is prepared by the fermen- 
tation of boiled soybeans through fungal activity (Rhizoptds 
oryzae) and which is consumed regularly in Indonesian 
countries. The antioxidative compound in Tempeh is ob- 
viously either formed de novo or liberated during fermen- 
tation from complex, originally inactive compounds, present 
in unfermented beans. The isoflavanones used in the present 
study are potent antioxidants in vitro (Zilliken 1981), and 
they are evidently eflective cosubstrates of the prostaglandin 
H synthase, as deduced from the o.xygen consumption- and 
the ^'^C-AA conversion-measurements as well as from the 
protective effects against the rapid autodeactivation of the 
enzyme. The direct measurement of the hydroperoxidase 
step by offering hydrogen peroxide as substrate was not 
applicable in the case of the 4-methoxy compound, which 
interacted directly with epinephrine. The bidirectional influ- 
ence of the trihydroxyisoflavanone in this assay suggests a 
competition with the indicator epinephrine as cosubstrate 
for the hydroperoxidase step in higher isoflavanone concen- 
trations, which superimposes the protective effect against 
the prostaglandin H synthase autodeactivation. 

Up to now a variety of flavanoids and chemically related 
phenolic compounds have been tested for their influence 
on prostaglandin H synthase (Arturson and Jonsson 1975; 
Baumann et al. 1979, 1980; Dewhirst 1980; Sekiya and 
Okuda 1982; Yoshimoto et al. 1983; Alcarez and Hoult 
1985; Markey et al. 1987). Some stimulate the enzyme 
(e.g. rutin, hypolactin-8-glucoside. dihydrophenyl-carbonic 
acid), some inhibit the enzyme (e.g. cyanidanol, luteolin, 
bafcalein, cirsiliol) and some have no effect. The concen- 
trations of 5 and 10 fimol/l of the isoflavanones, noted to be 
sufficient for marked enzyme activation in the present study, 
are the lowest hitherto described. The pharmacological pro- 
file of Trolox and of the two isoflavanones may be relevant 
for the evaluation of inflammatory potencies of oxygen 
centered radicals arising during AA oxygenation (Kuehl et 
al. 1977, 1980; Hirafuji and Ogura 1985) in the absence of 
inhibition of prostaglandin formation and associated side- 
effects and for strategies addressing a protection of prosta- 
glandin H synthase form autoinactivation (Markey et al. 
1987). 
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Zusammenfassung j j 

In Entwicklunsslandern deriTropen vcrursachcn Lagcrpilzc Vcnlustc bis y:u: 30% der 
jahrllch eingolagerten ErnteJDcr Einsatz systemischer und nichU-;systomischcr Mittc] in 
der Lagerhaltung ist mil Problemcn verbunden. Eine Alternative ware dor Eihsatx von 
Naturstoffcn z.D. Isoflavonoide. die elnc hohc antimikrobicllc wjrUung besitzer) konnen. 
In Malzcxtrakt-FlussigkultuVen wurdc in drel Konzentrationon iO.G , 2 und iB x 10-* 
mol/l die Wirksamkeit einiger Isoflavonoide auf das Myzclwact^stum von A. repens do. 
Bary. A. amstelodami (Mangi'n) Thorn & Church . A. chevalleri (Man gin)- Thorn & Church 
( Aspergillus glaucus Link Gruppe), A. flavus Link (AsperEillus Tlavus Link Gruppe) und 
' A petrakii Voros ( Asporgitlus ochraceus Wilhelm Gruppe) getestet. Von den drei unsub- 
stitulerten Isoflavonolden Isoflavon* Isoflavanon und Isoflavan besaP das IsoTlavanon 
mit52 6% bei A. reoens . 57.1% bel A. ^mstelddami , 37% bcS A. chevalieri und 22.3% bei 
A petrakii in der Konzentration 2 x lO--* mol/I und 32.5% bei^ A^flavus LjnlLin der 
K^nzentration 8 x 10--* mol/lidie beste Wirkung. Urn Struktur-Aktivitats-Beziehungen 
aufzuklaren, wurden auch lioflavonolde mit OH- und OCHn-Gruppen getestet. In dor 
Texasln (6. 7 Dlhydroxy-4' niethoxy-Isoflavon) -Reihe bowirkte das Texasln-Isoflavan 
die besten' MyzeiwachstumsHemmungen mit . 96. 9% bei A^re^errs,; 97.9% bei A. amste- 
lodami und 100% bei A. chevalieri in der Konzentration 8 x 10-Smol/L Die Wirkung der 
getesteten Cumestane war Verschieden. Das 3', 4' bihydroxy-rqumestan zcigte keine 
signifikanten Wirkungen aiif das Myzelwachstum. WShrond ^as 3*. 4' Dihydroxy- 
5'methoxy~Cumestan mit 20.1% bei A. repens in der Konzentratioji 0.5 x 10-** mol/l den 
hochsten Hemmwert in der (bumes tan -Reihe erzielte. forderte-das 6. 7, 3', 4' Tetra- 
hydrox-Cumestan das MyzelWachstum von A. flavus bis zu 22,5%; in der Konzentration 
2 X lO--* mol/L i 



Einleitung 



Lagerpilzc der Cattun^en Aspergillus und Penicillium verursachon vor allem in Landern 
der Tropen und Subtropen Verluste bis zu 30% der jahrllch eingQlagerten Ernie. Einc 
wlrksame BekSmpfung dieseriSchimmelpilze konnte die angesparinste Ernahrungslagc in 
diesen Landcrn entscheldendlverbessern: Im Vorratsschutz stehenUmspezlflsch toxisch 
wlrkende systemlsche und nicht-systeralsche Furigizlde zur Verfugung. Beim Einsatz 
diescr Stoffc sind RQckstandsprobleme zu erwarten. Eine Alternative ist der Einsatz 
yon Naturstoffen und derenj synthetischer berivate. die schoni in gcringen Mengen 
hochwirksam sind. Diese Voi-aussetzungen erfullen die Isoflavonoide. Prbdukte des 
sekundaren Pflanzenstofrwechsels. Wegcn ihrer spczifischen und hphen antimikrobiellen 
r Wirkung werdcn sle bei den Legurainbscn als Phytoalexine disi<utiert (INGHAM 1984). 
Ihr natOrlicher Charakter sQhliept liuckstandsprobleme aus. 
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Material und Methoderi v 

In FlUssigkulturcn wuride die Wirksamkeit yon neun Isoflay'pnoiden in drei Konzcntra- 
tionch auf das Myzelwjachstura von fti.nf Piizcn der Gatt6rle. Aspergiliuk eetestet. Bei 
den eingeseczten Substjanzen hsindelt es sich uni die unsubistiituier.ten.Isoflavonolde und 
die Isoflavonoide dcr irexasln (6, .7 Dlhydroxy-4* methbxy-Isohavon)- -Reihe. Diese 
Isoflavonoide unterscii^iden sich im Hydrlerungsgrad und ini Substitutionsmuster. Aiich 
die Cumestane. die sich vom Cumarin-Grundkorper ableiterj. werdcn zu der Gruppe der 
Isoflavonoide gez§.hlt j[Abb. 1). 
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Abb. 1: Strukturformeih der eingesetzten Isoflavonoide 



Die in diesen Versuchen verwendeten Pilze zahlen '^tir Klasse der Lagerpilze 
(CHRISTENSEN und KAUFMANN 1965). AsperRlUus ropens d:o Bary . Aspergillus amstelo- 
dam l (Mangln) Thorn & (bhurch und AsperRiilus chevaMGri CMannin) TKom & Church sind 
Vertretcr der Aspergillus glaucous Link Gruppe. Sic zShlen zu den Primarbesiedlern an 
gelagertem Erntcgut. Asocrgillus flavus Link gehort zur A^Dergiilus flavus Link Gruppe 
und /vspgrgillus oetrakii Vdrds zur Aspergillus ochraceuR >^llhelm Gruppe. Beide sind 
gefShrllche Toxinl)ildn^r. M 

Malzextraktboulllon wu;rde bei 1 bar 20 Minuten autokiaviert. In die auf 35*C abge- 
ktthlten Nahrl6sungen purde die der Jeweiiigen Konzentr;at}on 0.5 , 2 und 8 x 10"^ 
raol/1 entsprechende iniAceton geloste Substanzmenge steril eingerOhrt. Die Aceton- 
konzentration der Nahrlosuhgeh inklusive der Kon troll variain ten betrug 1,1%. In zuvbr 
autoklavierte 100ml Kblben wurden pro Kolben 5 Impfstiicke (Durchmesser 5 mm) 
Jewells eines Pllzes gegjeben. Nach Zugabe von 29 ml Nahrlosiung wurden die Kblben mlt 
Zellulosestopfen verschjlossen lind; elne Woche bei Raumtempcratur auf einem Schuttler 
beiassen. Je Piiz und I<onzentration wurden isechs WlederHo^uhgen angesetzt. 

i ■ - .■'<:': 

Rundrilter (Schleicher & Schdll 90 mm) wurden 24 StundeJi jbcji- 106<>C getrocknet und 
dann gewogen. SpS.ter wjurde der Kolbeninhalt auf die Filter: abgesaugt. diese abermals 
24 St'unden bei 105*»C gistrocknet und wiederuih gewogen. Aus der Differenz dcr Werte 
. ergaben sich die Myzeljtrockenigewichte. Diese Werte wuf^ejh 'dann yarianzanalytisch 
verrechnct. i- ?! 



i 44.8^ 
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Brgebnlsse ; i ' 

Konzcntra- ■ ' . '■■ , 

etestet. Bei S Isoflavon (Ai) zelgte bej A. amstelodami mit einer signifrkiinten Myzelwachstums- 

vonoide und li^s hemmung von 47,1% in djcr Konzentration 2 x 10-< mol/rdiei starkste wirksamkeit. 

leihe. Diese S wahrend In der Konzentration 8 x lO*'* mpl/l cin Hemmwcrt von 30,7% erzielt wurdc' 

lUster. Auch J- Bei A. repens . A. chevalibri. A. fiavus und A. petrakii ergablen sich In der Konzcn- 

Cruppeder ? tration 8 x 10*^ mol/I diei hdchsten Hemmwerte mit 26.1%, 36l,l%, 27;2% bzw. 22 5% 

i (Abb. 2). " 1 ■■ {■]. 
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^Abb. 2: Myzeltrockenraass^bildung von verschiedenen Aspergniius- Arten unter EinfluP 
verschiedener Korjzentrationen von Isoflavon (Ai) - | 

i • ; . . 

|Das Isoflavanon CA2) bewirkte mit Ausnahme von A. fiavus . in der Konzentration 
f S X 10-^ mol/1 32.5% Wachstumshemmung, die hochsten Hemriwertc in der Konzen- 
|tratlon 2 x 10"^ inol/1. Oas Myzelwachstum von A. repens wurde In dieser Konzentra- 
|tlon urn 52^6%. das von A . kmstelodami um 67.1%, das von A. chdvalleri um 37% und das 
)n A. petrakii um 22,3%:-gehemmt, In der Konzentration 8 X 10-< mol/1 kohnten bei 
repens . A. amstelodami . A. chevalleri u nd A. petrakii Myzelwa^hstumshemiriungen von 
|44.8%. 42.7%, 36% bzw. 1^,2% erzleit werden (Abb. 3). H 
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.Abb. 3: Myzeltrockcnmassejbildung von vcrschiednen A s perp \\ 1 u s ~ A rten untcr Einflup 
verschiedener Kon^zentrationen von Isoflavanon (A2) \ 
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Das Isoflavan (A3) bcwlrktc jnur bei A. amstGiodamI mit n.a% in der Konzentratlon 
8 X 10-* mol/l und bei A. chevalieri in den Konzentratiohen 0.5 . 2 und 8x10"^ mol/1 
mit 19,7%. 32.1% bzw. 36.4%i slgniflkante Waclistumshemmungerii (Abb; 4). 
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Abb. 4: Myzcltrockenmassebiliilung von verschiedenen AspergilJiJs-r Aricn untcr Einflup 
vcrschicdener Konzeiitratlonen von Isoflavan (A3) 

Nur be'i zwei Vertretcrn der A. glaucus- Gruppe bcwlrktc das Texasln-Isoflayon (Bi) 
signifikante Myzclwachstumshemmungen. Bel A. repens betrug der hochste Hcmmwert 
33,7% in dcr Konzcntratlon OjS x lO-'* mol/1. 32% in der Konzentf^tion 2 x 10-^moI/l 
und 20.1% in der Konzcntratipn 8 x 10"^ mol/L A. amst.elodami wurdc In der Konzen- 
tration 2 x 10-^ mbI/1 um 19.16% und in dcr Konzentration 8 x lp-'* mol/I um 12.1% 
gehemmt. Dagegcn bewirktc dais Texasln-lsoflavon (Bi) bei A. chevfiliori i n dcr Konzen- 
tration 0.5 x 10-^ mol/l elncisignifikante Wachstumsfdrderungi;v!bn 11,9% (Abb. 5). 
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Abb. 5: Myzcltrockenmassebiid.ung von verschiedenen AsncrgilldsV-Arten iint'er BinfluP 
verschicdonor Konzcjntrationen von Texasln-Isoflavon ^Di) 



n tier Konzentralion 2 x 10-^ mpI/1 crzicltc das Texaslri-Isoflavanori (1)2) boi alloh fOnf 
pilzen die hochsten MyzelwachsLumshcmmungcn mit 42.3% bet A:^ ripens . 54.9% bcl A. 
kmstelodami . 59.5% bei A. chdvaHcri. 52.3% bci A. flavus und 4^916% bel A. pcrrakiit 
Signifikante Inhibierungen dei^ MyzelwachsLuma in dcr KonzenLraUjon 0.5 x lO-'» mol/I 
traten nur boi A. amstelodamli mil 34.5% tind bei A. cfhevallnri mil. 11.9% aiif. Das 
MyzclwaclisLum von A. amstelbdami wurde urn 27.7%, das von A;: diievalicvri mn 31.6% 
Jund das von A. flavus uin 9.69^ In der Konzentration 8 x lO--* moiyilgehemrnt (Abh.5). 




Abb. 6: Myzellirockonmassebi Idling von verschiedcnen Asnergilius^ Arinn untcr EinfJuP 
verschiedcner . Konzcnt^ationen von Texasln-isoflavahon (Bz) 

\ ■ ■ ; . 

wie hochsten signlfikantcn Myzelwachstumshemmungen beim Texasin-Isoflavan (Ba) 
ergaben sich bei alien fiinf Pilzbn in der Konzentration 8 x 10-'' mol/1 mit 96.9% bei A. 
fcjDens . 97.9% bei A. amstelodarrii . 100% bei A. chevajieri. 27.6% bei A. flavus und 44.'6% 
bei A. petrakii . In der Kohzentratipn 2 x 10"* moI/1 trat nur bei - AL amsielodaml mil 
•^15.6% cine signini<ante Wachsiurhsinhibierung auf <Abb. 7). 
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Abb. 7: Myzcl trockenrnassebildunjB von verschiedcnen Aspergillus- Arinn untcr EinfiuP 
vcrschlcdcner Konzenira|tipncn von Texasln-Isoflayan (Ba) \ ■ . 
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Das 6.7.3\4* Tetrahydroxyf-Cumestan <C) bcwirkLc irfimer eine signifikantc Fdrdoruns dos ' 
Myzclwachstuihs. Dicsc betrug bel A. flavus in der Konzcril.fation 0,5 x ■ 1 0--* moI/1 ! 
18.3%, in dcr Kipnzeni.ration 2 x lO--* mbl/l 22.5% und in d:ei^ Konzcntratlon 
8 X 10-^ mol/1 21.1%. Bei 'a. petrakii ergab slch in der KonxVst^lration 2 x 10-" 
— WachsUimsforderuni; von 16.<i% (Abb. 8). 
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Abb. 8: Myzeltrockcnmassejbildung von verschiedenen AsrerRilliUS- Arlon unter RinfluP 
ycrschicdencr korizentratlonon von 6. 7,3'. 4' Tetrahydroxy-Cumestan (C) 

Wcder slgnifikante Myzelwachstumsheinmungeri noch Fordcrungen bewlrkte das 3'.4'D1- 
hydroxy-Cumestan (D) boi; vicr Pilzen. Die Versuchsserio von! A. riavus war Infolge 
einer Baktcrienveriinreinisung nicht auswcrtbar (Abb, 9). 
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Abb. 9: Myzeltrockenrnassbbildung von verschiedenen Aspcrgi^lus- Arten untcr Elnflup 
verschledcncr Kohzehtratlonen von 3',4' DIhydroxy-Cumestan (D) 



Lcichte signlfikantc Inhibicrungen dcs Myzclwachstum bcwirktc das 3'. 4' Dihydroxy-5* 
methoxy-Cumestan (E) bci A. rcpens mil 20.1% und bei A; potraku mlt 9.2% in d^r • 
Konzentration 0,i5 x lO-^iinol/l (Abb. 10). M : 
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Abb. 10: Myze I t.rockcrimassGl?! Idling von vorschlederion AsporKillus- Arl.on untcr Einfluli 
verschiedcner Konicntratipncn von 3', 4* Dlhydroxy-6; iti^^^^^^y^Qurtiestan (E) 
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::Dio antimikroblellen Eiccnscbaften yon Isoflavonoiden sind In einigen Vcrsuchpn nach- 
igewiesen worden (CRUICKSHAnK 1962. KRAMER et al. 1984). Dc^sOndere Beachtung hat 
^die funglzidc Wlrkung dieser iNalurstoffe gcfunden. Dor Einsatz^l|eser Sloffc als Ersatz 
fur konventlonclle Fungizide wird diskutiert <RATHMELL and $mTU 1980). Persistenz 
sowic Hydrolyse- urid UVpStabilitat dieser Substanzcn ^ityd noch woiitgnhcrul 
^unerforscht. Eigcnc Untersuchungen lasscn den Schlu(5 zu. dafS ihr Einsatz unter Fold- 
vbedlngungen problcmatisch seln diirftc. Erfolgversprechcnder lolnnte die Verwcndung 
i dieser Naturstoffe unter kohstanten Umweltbedingungen z.D. im Vorratsschutz sein. 
Ruckstandsprobleme. wie sie; belm Einsatz von systcmischcn und nicht-systcmischen 
Fungiziden entstehen, sind djurch deh naturlichen Charakter dlcs0r Substanzcn ausge- 
schlosscn. i : • 

'In FlUssigkulturen wurdc dielfungizide Wirkung von neun Isoflaviojioiden auf das Myzel- 
wachstum von fOnf Lagerpilien dcr Gattung Aspergillus iintersucht. 

ipie unsubstltuierten Isoflav;onoide (Ai» Aa. Aa) stcllten eine der Versuchsrclhen in 
Nieser Untcrsuchung dar. Die drei Substanzen unterscheiden siehj nur im Hydrierungs- 
igrad (Abb. I). Hicrdurch soiUe geklart werden. inwieweit die riiiigizide Wirkung einer 
'Substanz auf den Isoflavonpid-Grundkorper zuriickziifuhren \sti 

Das Isoflavon (Ai) zcigte biel den drei Vertretern der A. ^laiicus- Gruppe die bcsto 
Wirkung. Mit 47.1% Hemmung bei A. amstelodaml war hier in d^r Konzentration 
' 2 X lO.-'* mol/1 der hochste He?nmwert^u verzeichne-n. Die Wirksamkeit dieser Substan- 
-zen 1st also nicht linear kon^entrationsabhangig, wie es auch die 'folgenden Versuchs- 
roihen zeigen. Noch, deutlicher zeigt sich diese Tendenz beim Isoflavanon (A2) mit 
Aiisnahme von A. flavus. beijdem mit steigender Konzentration dc^r Substanz auch cine 
vermehrte Hemmung des Myzelwachstums auftrat. Das Isoflavanoti (A2) orzieltc in dor 
Konzentration 2 x lO-"* mol/1 immer die hochsten Hemmwertc. Cjic iiochsten Myzel- 
wachstumshemmungen trateniauch hier wieder bei den Vertretern; der A. glaucus- Gruppc 
auf. Das Isoflavan (A3) zeigte im Vcrglclch zum Isoflavon (Ai)/lsoflavanon (A2) nur 
eine gcringe Wirkung. pies.is;t uberraschend, da in fruheren Flus'sigkultur-Versuchen 
Substanzen mit eincm IsoflaKran-Gruhdgerust aber mit vcrschiedcnon Substituontcn 
.Myzclwachstumshcmmungen-von ubcr 90% bei Rhizoclonia solani lind Sclerotiurn rolfsii 
bewirkten. Die reduzicrte wirksamkeit im Vergleich zu don im; Ring A und B; substi- 
tuierten Isoflavan-Derivateniist auf die Abwcsenheit der Substitiieptcn zuriickzufuhrcn. 
Elne bessore Metabolislcrung diirch den Pilz Oder schlcchterc Durchdringung der 
Plasmamembran konnten die brsache fiir die gcringe Wirkung spin (MANSFIELD 1984). 
Eigene Ergcbnisse bcstatignnj da& einigc Isoflavone/Isoflavanone e'inc besscrc Wirksam- 
keit als Isoflavane bcsitzcn! k6rincn. Es schoint. da(J die Wirkung dcr isoflavonoldc 
spezlfisch abhanglg vom Pilz;. dcr Substanz und/odcr der Konzentration ist. Zu ahn- 
iichen SchlufSfolgcrungcn bei linterschiedlich substltuiertcn.Sesquiierpenen kom'mnn auch 
WARD et al. .< 1974). : i .M . ' 
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Beim Texasin slnd im Ring A ,:an den Positionen 6 und 7 die beWeh H-Atome des 
Isoflavon-Grundkdrpers durch jeweils c&ne OH-Gruppe ersetzt. \ia iRlng D ist ein H- 
Atom* an der Position 4* durch icine OCHa-Gruppe substitulert (Abb 1) 

I . r \ ' : 

Das Texasin-Isoflavon (Bi) bewirkte riur bel A. repens und A. amstelodami feichte 
signifikante Myzelwachstumshemmungen, wShrend bei A. chevatieri in der niedrigsten 
Konzentratlon eine signifikante Wachstumsf6rderung auftrat. Keineisignifikanten Werte 
ergaben sich fflr A. flavus und! A. petrakii T Die reduzierte Wirksaimkeit im Vergleich 
zum Isoflavon (Ai) Ist auf den Gihbau der beiden OH- und der 0CH3-Gi-uppe(n) zuruck- 
zufQhren. Das texasin-lsoflavaiion (B2) erzlelte in der Konzentratioh 3 x lO--^ rnol/l bel 
alien fflnf Plizen immer die hodhste Hemmwirkung. MIt 52.3% bzwi 49,6% konnten in 
dleser Konzentration bei A. flavus bzw. A. petrakii die hochsten Hemitiwerte uberhaupt 
von ailen getestetcn Substanzcn erziclt werden. Die gate Wirksa^keit vom Texasln- 
. Isoflavanon (B2) gegeniiber deml Isoflavanon (A2) 1st durch die beiden OK^ und eine 
CCH3r-Cruppe(n) bedlngt*. Xm Ge^ensatz zii alien anderen elngesetztcn Substanzeh be- 
wirkte das Texasin-Isofiayanon| (Bz) eine elnheitiich hoha Hemmwirkung in der Kon- 
zentratior|, 2 x lO--^ mol/l bel all|en funf-Pllzen, Hier zelgt slch nochmal. daP die Wir- 
kung dieser Naturstoffe nicht linear kohzentratlonsabhangig ist. Aufjdle Molekulstruk tur 
des Texasin-Isoflavanohs (82) reiagieren auch die nicht Ascosporenbildner A. flavus u nd 
A. petrakii empflndlich. Mdgilcherweise 1st die Metabolisierung furiden Pilz crschwert. 
Auch ein besseres Eindringen durch die Plasmamembran uind tiefgreifende 
Veranderungen im pilzllchen Stoljfwechsel konnen fUr die gute Wlrks|inikeit verantWort- 
jich seln. Vom Texasln-Isofiavor^ (Bi) unterscheidet sich das Texasin4lsoflavanon:(B2) 
durch den Einbau zweier Wasser^toffatome im Ring C. Diiese Reduktion vcrbesserte die 
Wirksamkeit stark. Die vollstandig hydricrte Variante in dieser Reihe. das Texasln- 
Isoflavan (83), besap die hochste; fungizide Wirkung aller eingesetzten Substanzeh. So 
wurden die drei Vertreter der AJ glaucus- Gruppe in ihrem Myzelwachstum in der Kon- 
zentration 8 x ID-'* mol/l fast ivollstandig geheramt. Vergjichon jfa^t dem Texasin- 
Isoflavanon (Dz) war die Wirksamkeit des Texasln-Isoflavans CBs) bei aJ flavus ^ eringer: 
dagegen cntsprach die Wirkunjg Ides Texasln-Isoflavans (D3) bei A. petrakii der des 
Texasln-Isoflavanons (B2) allerdings in der Konzentration 8 x lO-'^imol/l. Die hohe 
Wirksamkeit von Isoflavanen mit verschiedenen Substituenten ist aus der Literatur 
bekannt (PERRIN und CRUICKShXnk 1969). Ihre hohe fungizide Wirkung wird auf die 
aplanare dreidimensionale Molel^ulstruktur zuruckgefiihrt (VAN ETTEN und PUEPPKE 
1976). Aus eigenen Versuchen istiaber bekannt. dap nicht nurallein die Molekulstruktur 
fQr eine hohe Wirksamkeit verajntwortUch ist. Auch die Substituenten sowie deren 
Anordnung im Molekul beeinflussen die Wirkung. So besltzt das Isoafromosin-Isoflavan 
mit einer OH-Gruppe an Position 6 und elner OCHa-Gruppe an Position 7 im Ring A 
sowie einer OCHa-Gruppe an Position 4'im Ring B nur cine sehr gQrijnge Wirksamkeit 
gegen Rhizoctonia solani und Scierotium rolfsii. Dagegen bewirkte^ d!as Blochaniri A- 
Isoflavan mit zwei OH-Gruppen ain Position 5 und 7 im Ring A und einer OCHa-Gruppe 
an Position 4* im Ring D sehr ^lohe Myzelwachstumshemmungen bei dicsen beiden 
Pilzen. Tabelle 1 zeigt, da3 die zuir A. glaucus- Gruppe zahlenden Clei^tothecienbildner 
besondcrs empfindlich auf die iinsubstituierten Isoflavonoide urtdiSubstanzen der 
Texasln-Rcihc reagieren. Diese N;aturstoffe besitzen also cine hohe Wirksamkeit gegen 
die Hauptfruchtform der Vertreter der A. glaucus- Grunpig, Wcrdch keine oder nicht 
mehr keimfahige Ascosporcn gebil|det. unterbieibt die Myzelbildung. Difes gilt unter der 
Voraussetzung, da3 bel diesen PUien die Myzelbildung ausschllePlicKd^rch Ascospbren 
erfolgt, ; ! 

Von A. flavus und A. petrakii ist nur die Nebenfruchtform bekannt. Di^ Wirkung dieser 
Substanzen auf die Kbnidicnbildung dieser beiden Pilze ist. goring. Eine Ausnahme ist 
das Texasln-Isoflavanon (B2) in der Konzentratioh 2 x iO-'* mol/l ujnd das T^xasin- 
Isofiavan (Bd) in dor Konzentratlion 8 x 10-* mol/l bel A. potraklH( tab<r1ic 1). * 

Die Wirkung der drei getcsteten Icum.estane war~'verschicden. Wahc^nd_das 6,7,3'.4' 
Tetrahydroxy-Cumestan (C) bei A!, flavus in alien drei Konzcntratiohen das W^achstunT^ : 
signifikant um fif 20%. bel A. petrakii in der Konzentration 2 x 101'' |mol/l um 16.4% 
fordcrto. ergaben sich belm 3*. 4* Dlhydroxy-Cumestan (D) koine signifikantcn Werte. 
Leichte Myzelwachstumshemmungen crzielte das 3*,4' Dlhydroxy-5' raethoxy^Cumestan 
(E) mit 20.1% bei A. repens uInd rait. 9:5% bei A. petrakii in dci- Konzentration 
0,5 x 10-* mol/l. Aus der Literatur ist bekannt, da& in der Gruppe dorjcumestane hur 
Psoralidin, Cumestrol und Sojagolj Phytoalexincharakter besitzen (INcSuAM 1984).. Mit 
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diesen anLimikrobiell wir]<|samcn SLofrcn habon die eingoscUr.jRn SnbsLanzcri riur das 
Cumarin-^CruiuJgerust gemiMnsam. Sie uhterschoidcn slch ahcr ^on dioscn Im SiJi>stitii- 
tionsmusier (Abb. 1). Ein Ajbbau vpm 6. 7,3'. 4' Tetrahydroxy-Cumestan (C) ist'donkhar, 
wobei die MetaboJiten mogljicherwoise im Stofrwechisel des Pilzcs! Verwendung finden. F:s 
ware auch eine Aktivicrung anabolisch wirksaimcr Enzyme raofelich. worauf dann die 
signifikanten Myzelwachstamsraten zuruckzufuhren sind.Bcim 3'i4' Dihydroxy-Cumestan 
(D) hatte die Substitijtiojn zweier H-Atome durch Jcweilsl 6ine OH-Gruppc wcdcr 
positiven noch negativcn i Einflup. .auf die Wirksamkcit. Dagfogen. scheint die OCH3- 
Gruppe beim 3', 4* DUiydrolxy-S' raethoxy-Cumestan tE> ffiri die, allcrdings gcrinpe 
J fungizlde Wlrkung verantwjortllch zu scln, Auch beim Plsatln'lst die OCIIa-Gruppo fur 
die antimikrobielle Wirkurig verantwortllch (MATTHEWS und Van ETTEN 1983) 
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1: Signifikante Unterscihiede in % in den Myzeltrockengewiqhten Im Vergleich mit 
der Jeweiligen Kontrblle 



i extrcm hohe Wirksamkeit vom Texasin-Isoflavan (D3) gegen die drel Vcrtretcr der 
lA^ giaucus- Gruppe ist vielvi-ersprechend. Arten der A. giaucus- faruppe zahlen zu den 
iPriroarbesiedJern an gelagertiem Erntegut. Wahrend ihres Wachstums bilden sie metabo- 
|lisches Wasser, wodurch die iSarnenfeuchte erhdht und .so die Vorkus.setzungen fur den 
|BefaIl weiterer Lagerpiize der Gattungen AspergiUus und Penicillium geschaffen werden. 
|Eine wirksame Bekiimpfung dieser Lagerpiize mit Naturstoffen kohnte die angfespannte 
iErnahrungslage in vielen Entwicklungslandern entscharfen. Rucicsfcandsproblcme, die beim 
|Einsatz systemischer und ni<^ht-systemischer Funglzide auftreteh, konnten vermieden 
fwerden. ; ;: ? 

^. 1 ■ ' ■ ■ 

?:Uteratur ; 



6»7.3\4' 
achstum 
1 16.4% 
n Werte. 
umestan 
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ine nur 
84}. Mit 



? £hristonsen.C.M. und Kaufminnn.n.H.: 1965 

Deterioration of stored grains by fungi 
Ann. Rev. Phytbpathol. 3. 69-84 

gruickshank.l.A.M. : 1962 

Studies on Phytioalexins. IV. 
The antimicrobikl spectrum of Pisatin 
Aust. J. Biol. Si\, 15. 147-ir»9 



t 



Ingham. J. L .r 1984 . 1 • " . . M 

In Thytoalexlns" • ^ 
Railey.J.A. and M4risrield,J.W. (Ed.) ' : 

DIackic & Son Limited Glasgow and London 
Phyt-oalexins from I the Locumixjosae 2. 21-80 

Kramcr.R.P.: HindorfJI.; Jha.H.b.; Kailagc.J.; Zllliken F.: 1984 

Antifungal activlt^ of soybean and chickpea isoflarvortes and their reduced 



derivates 
Phytochem. 



23, 22(33-2205 



i 



i4ansfiold.J.W.: 1984 I 
in "Phytoalcxins" 1 
Bailey, J. A. and Mansfield. J.w. (Ed.) 
DIackic & Son Limited Glasgow and London 
The role of phytoflilcxins in disease resistance 8, 253|-288 

Matthcws.D.E. nnd Van Etten, ;H.D.: 1983 

Detoxification of the pitytoalcxin pisatin by a fungal Jcy toch rome Pt450 
Archives of Biochejmistry arid Biophysics 224. 494-50$ 

. i ■ ■ . ; ■ 

Perrin.D.R. und Cruickshank.f A.M.: 1969 

The antifungal activity of pterocarpans towards Monilta fructicola 
Phytochem. 8, 97^-978 ; I ' : 

RathmelLW.G. und Smith. D. A.: 1980 

Lack of activity of [Selected isoflavonoid phytoalexins as protectant 
fungicides 

Pestic. Scl. 11. 6618-572 

Van Etten>A.D . und Pueppke S.ic.: 1976 

in "Biochemical aspects of plant para?iite relationship^ 
Friend.J. and Threhtil.D.R.: (Ed.) 

Ann. Proc. Phytoch!om. Soc. 13, 239-289 ! 

Ward.E.W.B .: Unwin.C H. and Stbessl.A.: 1974 

Postinfectional inhibitors from plants. HI. 

Fungitoxlcity of phytoalexins, Capsidot and related ^equlterpenes 
Can. J. Botany 52,12481-2488 



Med. Fac. La 



Summary 



In tropical developing countrieslstorage fungi cause losses of harvested food grain up 
to 30% yearly. A control of these moulds with natural substances^: clould be ah alter- 
native to non-systemic and sysdemic fungicides. The Isoflavonoids^cpuld be taken into 
..consideration as one such group! of natural fungicides. The influent^ of a few selected 
Isoflavonoids was tested In maltj extract solution in three concentrlatlons 0,5 . 2 and 8 
X 10-* mol/1 on the mycelial growth of five fungi, viz. A. reoens deiB^rv. a! amst^lo- ' 
dami ( Mangin ) Thorn & Church I and A. chevalieri ( Marigin ) Thorn i& Church of the 
Aspergillus glaucus Link group: A. flavus Link of the Aspergillus f lavas Link ^roiip and^ 
A. petrakii Voros of the Aspergiillus ochraceus Wilhelm group. Theiilsoflavonoids Jwere' 
tested in the series isoflavoh, Isoflavanoh and isoflavan. To establish structure-activity 
relationship besides unsubstituted Isoflavonoids also the methoxyf "ami hydroxy-lso-^ 
flavpnolds were tested. The Isofl^vanon caused inhibitions of the mycelial growth up to 
67.1% in A. amstelodami at the fconcciitration 2 x lO^'* mol/1. In the; texasln-lsoifla- 
vonoid (6,7 Dihydroxy-4'methoxy-Isoflavon) series the isoflavan was the most effective 
one with growth inhibitions of 96.9% in A. repcns . 97.9% in A. amstelcidami and 106% in 
A. chevalieri In the concentratlion 8 x 10** mol/1. Also the coumestans as a further ; 
subgroup of natural Isoflavonoids were tested in this investigatioh.! The influence of 
these substances was quite variable. While the 6. 7. 3*. 4' tetrahydroxx-coumestan always 
jstimulated the growth ( A. flavusj 22.5%)v the 3',4' dihydroxy-coumeitkn caused noisig- 
nificant differences in comparison with the control, the 3', 4' dlhydfoxy- 6* methoxy 
cpumestan inhibited the growth of A. repens to 20.1%'and the growth of A. netrakii to 
9.2% at the concentration 0,5 x 1.0-< moJ/1. . ^ I 
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ANTIFUNGAL ACTIVITY OF SOYBEAN AND CHICKPEA ISOFLAVONES 
AND THEIR REDUCED DERIVATIVES 
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Abstract — ^The fungicidal activity of the isoflavones from soybean {Glycine max) and chickpea {Cicer arietinum) has 
been studied on three food and forage contaminating fungi, Aspergillus ochraceus, PenicilUum digitatum and Fusarium 
culmorum. The reduced derivatives of the corresponding isoflavones — the isoflavanones and the isoflavans — were also 
included in the investigation. For the first time in a comparative study it is shown that isoflavones and isoflavanones are 
variable in their activity whereas the isoflavans are moderately active inhibitors of fungal growth. 



introduction 

Isoflavonoids are naturally occurring substances pos- 
sessing several biological properties [1]. In view of 
phytoalexin properties their fungicidal activity has attrac- 
ted the attention of some research groups [2, 3]. Natural 
products, as potent fungal growth inhibitors, could be 
very useful substances in controlling plant diseases. In the 
present investigation, some isoflavones (1-4) from food 
sources have been tested for their fungicidal activity. Since 
most of the isoflavonoid phytoalexins possess a reduced 
isoflavone structure (Fig. 1), we have also included the 
corresponding isoflavanones (5-8) and isoflavans (9-12) 
of the above nientioned isoflavones in our investigation. 
The fungi of choice were Aspergillus ochraceus, 
PenicilUum digitatum and Fusarium culmorum due to their 
food contaminating effects. 



RESULTS AND DISCUSSION 

As expected the fungi show a differential behaviour in 
regard to the applied isoflavonoids (Table 1 and Fig. 2). 



While the growth of A. ochraceus is inhibited significantly 
by some isoflavonoids,. P. digitatum and F. culmorum are 
inhibited as well as stimulated in their growth depending 
on the substances and their applied concentrations. The 
data are tabulated below; statistically significant per- 
centage differences in weight as compared with the control 
are marked with an asterisk. The other values have been 
incorporated in the Table to indicate the trend of 
antifungal activity in the case of individual substances. 

Among the isoflavonoids, the isoflavone I stimulates 
the growth of P. digitatum and F. culmorum at higher 
concentrations and shows very low inhibitory effect on A. 
ochraceus at all concentrations. The isoflavanonc 5 is 
antifungal only to F. culmorum. The isoflavan 9 actively 
inhibits the growth of A. ochraceus and F. culmorum in 
more than one concentration. An inhibitory effect is also 
observed with P. digitatum. 

Daidzein (2) inhibits F. culmorum in all applied concen- 
trations. The isoflavanone 6 stimulates F. culmorum, but 
P. digitatum is inhibited significantly by the lowest 
concentration. The isoflavan 10 inhibits P. digitatum and 
F. culmorum only at higher concentrations. 



isoflavones /sofiavanones isoflavans 

I Cydrgy- isoflavone 5, 5, 7. 8 9, 10, 11, 12 

2: Da id z Bin 
3: Clycitein 
4 : Formononetin 

1.5.9 = (R.f^i=H; R, = OH) 
2.6, 10'(R.Ri/i2'^) 
3.7.11 = <R. R2 'H; f^i = OCH3 ) 
4.6. 12=(R-CHjiRt.R2'H) 

Fig. I. Chemical structures of isoflavones and their reduced derivatives. 
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Table 1. Effect of isoflavonoids on mycelial growth of A. ochraceus, P, digitatum and F. culmorum [ % difference ii 
wt as compared with the control; (+) indicates growth stimulation and (-) growth inhibition] 



Fungi 

Isoflavonoids A, ochraceus P. digitatum F. culmorum 
Concentration 



(x 10'*mol/l,) 


0.5 


2.0 


8.0 


0.5 


10 


8.0 


0.5 


2.0 


8.0 


1 


-5.0 


-2.2 


-5.5 


+ 11.9 


+ 31.1* 


+ 35.4* 


+ 1.6 


+ 7.2* 


+ 8.1* 


5 


+0.5 


±0 


-3.2 


-2.9 


+ 2.1 


+ 9.8 


-7.4 


-9.0 


-11.9* 


9 


-19.7* 


-15.4* 


-17.7* 


-8.9 


-5.9 


-0.9 


-3.2 


— 13.0* 


— 1 1.9* 


2 


+ 1.2 


+ 7.5 


±0 


-6.5 


-4.2 


+ 4.3 


-15.6* 


-20.3* 


-21.9* 


6 


+ 3.0 


-3.2 


-0.1 


-13.5* 


-10.9 


-11.8 


-1.0 


+ 4.8 


+ 7.0 


10 


+0.7 


-9.3 


-3.3 


+ 3.2 


+ 6.9 


-28.2* 


-5.1 


+ 2.4 


-16.5* 


3 


-8.8* 


-4.0 


-2.1 


-7.4 


+ 13.2* 


+ 22.2* 


+ 7.0 


+ 19.2* 


+ 12.9* 


7 


-5.4 


+ 5,4 


+ 5.5 


-6.9 


+ 18.0* 


+ 12.5 


-8.4 


-2.6 


-1.2 


11 


-3.3 


-3.7 


-28.2* 


-27.4* 


-36.7* 


-50.8* 


-4.0 


+ 8.9 


-31.9* 


4 


-0.3 


-8.2 


-4.5 


+ 0.8 


+ 6.8 


+ 11.2* 


+ 10.0 


+ 5.8 


+ 5.5 


8 


+ 1.2 


+ 1.1 


+ 2.4 


+ 0.4 


-4.3 


-5.1 


+ 4.3 


+ 7.8* 


+0.8 


12 


+ 7.0 


- 14.7* 


-16.5* 


+ 5.7 


+ 2.5 


-8.1 


+ 4.8 


+ 5.9 


+ 8.7 



Compounds 1-4, isoflavones; 5-8. isoflavanones; 9-12, isoflavans. 



Glycitein (3) shows a fungal growth stimulation on f». 
digitatum and F. culmorum. The isoflavanone 7 also 
stimulates the growth of P. digitatum. In contrast, the 
isoflavan 11 is the best fungicide among all the 12 
substances tested here. On malt extract agar plates it even 
produces a better inhibiting effect on P. digitatum and F. 



culmorum (58.3 and 51.6%. respectively). In view of r 
appreciable inhibitory activity, as found in liquid cultu 
tests, this experiment was not performed with oth 
substances. 

The results with Formononetin (4) are contrary to i\ 
observations of Johnson et ai [4] and Van Etten [3 



Aspergillus ochraceus 



1 




0 1 5 
H 0 control 
m 5-8 isoflavanones 



3 7 !J 4 a t2 
1-4 isoftavones 
9 - 12. isoflavans 



Fig. 2. Mycelial dry wt (mg) of A, ochraceus, P. digitatum and F. culmorum on malt extract in presence of 
isoflavonoids at a concentration of 8 x 10** mol/1. 



•«[% difference in 
ihibition] 



tlmorum 


2.0 


8.0 


f-7.2' 


+ 8.1* 


-9.0 


-U.9* 


1 3.0' 


-11.9* 


20.3* 


~21.9» 


f-4.8 


+ 7.0 


r2A 


-16.5* 


19.2* 


+ 12.9* 


-2.6 


-1.2 


-8.9 


-31.9* 


-5.8 


+ 5.5 


-7.8* 


+0.8 


-5.9 


+ 8.7 




Antifungal activity of isoflavones 
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xtively). In view of no 
found in liquid culture 
performed with other 

(4) are contrary to the 
4] and Van Etten [3J. 



While they register a mild inhibitory activity with some 
SLgi, in our case either an insignificant inhibition in A, 
rf^aceus or a low growth stimulation is encountered in 
!p Ji^iw^w"* ^- c^if^orum. This discrepancy can be 
ttributed to the variation in fungal species as well as to 
L differences in culture media. Among the reduced 
'^rivatives 8 and 12, the isoflavanone 8 shows virtually no 
inhibitory activity but the isoflavan 12 inhibits the growth 
>4. ochraceus. 

^ The results of our investigation allow the conclusion 
iS^lbat isoflavones and isoflavanones do not possess any 
$reinarkable fungicidal activity, whereas the isoflavans are 
S comparatively good inhibitors of mycelial growth. This 
Heartially corroborates the hypothesis of Perrin and 
'^Ouickshank [5] that the isoflavans, due to a planar 
^information, fit into the probable receptor sites in the 
J -cells of sensitive fungi [3]. The fungicidal activity of 
|--t: paidzein (2) for F. culmorum or of the isoflavanones 5 and 
for P' digitatum and F. culmorum respectively shows a 
I /deviation indicating that other factors may be important 
for the antifungal property of the isoflavonoids. 
Regarding the substitution pattern within the tested 
isoflavans, we observe that the methoxy group at the 6- 
position in 11 has a positive effect on fungal inhibition. In 
the case of the methoxy group at the 4'-position in 12 no 
inhibition is observed with P. digitatum and F. culmorum. 
The compound 10 without a methoxy group at the 4'- 
position shows a rather better activity against these fungi. 
Il seems that the fungicidal property of the isoflavonoids 
is specific to individual fungi, substances and their con- 
centrations and no absolute generalization is possible 
in this context. Ward et al. [6] came to the same con- 
clusion in their investigation with differently substituted 
sesquiterpenes. 



EXPERIMENTAL 

Isoflavonoids. Compounds from a food source like soybean 
tnd chickpea were selected for the present study. 7,4'-Dihydroxy- 

^ and 7.4'-dihydroxy-6-methoxyisoflavones (2 and 3, respectively) 
occur in G. max [7]. Gydrgy et ai [8] isolated 6,7,4'-trihydroxy- 

_ faoflavone (1) from soybean fermented with Rhizopus oligo- 
sporus. 7-Hydroxy-4'-methoxy-isoflavone (4) is found in C. ar- 
ietinum [9]. As the quantities obtained from natural sources were 
meagre, the isoflavones were synthesized in our laboratory. In 
order to study the influence of gradual reduction on the 
antifungal activity, the isoflavones were cataiytically (Pd-C; Hi) 
reduced to isoflavanones and isoflavans. The purity and authen- 
ticity of these products were verified by physical methods (NMR 
tnd MS). 

Fungi and culture. The soil borae fungus A. ochraceus was 
Bolated in Syria from fruits of Lady Fingers {Hibiscus esculentus) 
•nd kept in the fungus collection of the Institut fiir 
Pflanzenkrankheiten at Bonn. P. digitatum has been recently 



isolated from lemon peel (Cirrus limon) bought at the local market 
in Bonn. F. culmorum was found in panicles of winter barley 
{Hordeum vulgare) grown in Germany. Single spore cultures were 
prepared and preserved in a refrigerator at 8**. The eflect of 
isoflavonoids on the mycelial growth of these fungi was in- 
vestigated in liquid culture. The medium contained 30 g malt 
extract and 3 g peptone per 1. distilled HjO. MejCO served as 
solvent for the isoflavonoids. The solvent concn in the medium 
was maintained at a 1.1 % level. Medium (20 ml) including the 
particular isoflavonoid in proper concn was transferred to 
100 ml Erienmeyer flasks and inoculated with one small piece of 
mycelium (4 mm in diameter). The flasks were incubated at 
23-25^ on a reciprocal shaker for 7 days. Malt extract agar plates 
(30 g malt extract, 3 g peptone and 15 g agar per I. distilled HjO) 
was also used to test the glycitein-isoflavan (11) with P. digitatum 
and F. culmorum. In this expt the isoflavan soln in a concn of 5 
X 10"* mol/l. was added to the medium after the sterilization 
process at a temperature of <60*'. After inoculation the radial 
mycelial growth was meaisured for 7 days. 

Concentrations of isoflavonoids. From phytoalexin experiments 
[3, 10] it is known that concns in the range of 10"* to 10"^ moI/L 
are effective in showing fungal inhibition. With 5,7-dihydroxy- 
isoflavone as a reference substance the concns of 0.5, 2.0 and 8,0 
X 10'* mol/L were determined to be suitable for our expts. 

Evaluation of results. Round filter papers (Schleicher & SchuU 
No. 595) were weighed after drying for 24 hr at 105". After 
filtration of the culture the residue was dried and weighed as 
described above. The difference of the weighings gave the dry wt 
of the fungi. The mean value of eight repetitions for each concn 
and fungus was used for calculation. The data were evaluated by 
analysis of variance. Probability of single differences was calcu- 
lated at the 5 % level. 
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Tyrosine-speciHc protein kinase activity of the epi- 
dermal growth factor (EGF) receptor, pp60* -" and 
ppllCH***'** was inhibited in vitro by an isoflavone 
genistein. The inhibition was competitive with respect 
to ATP and noncompetitive to a phosphate acceptor, 
histone H2B. By contrast, genistein scarcely inhibited 
th nzsrme activities of serine- and threonine-specific 
protein kinases such as cAMP-dependent protein ki- 
nase, phosphorylase kinase, and the Ca^'*'/phospholipid- 
dependent enzyme protein kinase C. When the effect 
of g nistein on the phosphorylation of the EGF receptor 
was examined in cultured A431 cells, £GF-stimulated 
serine, threonine, and tyrosine phosphorylation was 
decreased. Phosphoamino acid analysis of total cell 
proteins, revealed that genistein inhibited the EGF- 
stimulated increase in phosphotyrosine level in A431 
cells. 



Tyrosine -specific protein kinase activity is known to be 
associated with oncogene products of the retroviral src gene 
family (1-3). This kinase activity is strongly correlated with 
the ability of retroviruses to transform cells, since mutants 
with reduced kinase activity have lower transforming effi- 
ciency, and mutants which lack tyrosine kinase activity are 
transformation-defective (4). Similar kinase activity is also 
associated with the cellular receptors for several growth fac- 
tors such as EGF* (5), platelet-derived growth factor (6, 7), 
insulin (8, 9), and insulin-like growth factor I (10, 11). There- 
fore, it is possible that tyrosine pohosphorylation plays an 
important role for cell proliferation and cell transformation. 

According to this hypothesis, a specific inhibitor for tyro- 
sine kinases could be an antitumor agent as well as a tool for 

• This work is supported by a Grant-in-Aid for Cancer Research 
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understanding the physiological role of tyrosine phosphoryl- 
ation. Although not so specific for tyrosine kinases, several 
compoimds have been reported to inhibit tyrosine kinase 
activity. A protease inhibitor AP-tosyl-L-lysyl chloromethyl 
ketone was demonstrated to inhibit tyrosine kinase activity 
associated with pp60''**'* and revert the effects of aviian sar- 
coma virus transformation on cell morphology, adhesion, and 
glucose transport (12). A flavone quercetin was reported to 
inhibit the tyrosine kinase activity of pp60'"*'* (13, 14) as well 
as the activities of cAMP-independent protein kinase (15), 
the Ca^Vphospholipid-dependent enzyme protein kinase C 
(16), phosphorylase kinase (17), Na^R-^-ATPase (18), and 
Ca^'*',Mg^'^-ATPase (19). More recently, amiloride, which is 
well known as an inhU>itor for Na'^^.K'^ antiporter (20-22), 
was shown to directly inhibit growth factor receptor tyrosine 
kinase activity (23). 

In the search for specific inhibitors for tyrosine kinases, we 
have recently isolated an isoflavone compound genistein from 
fermentation broth of Pseudomonas sp. (24). In this study, we 
show that genistein is a highly specific inhibitor for tyrosine 
kinases but scarcely inhibits the activity of serine and threo- 
nine kinases and other ATP analogue -related enzymes in 
vitro. Furthermore, genistein was revealed to inhibit EGF- 
stimulated phosphorylation in cultured A431 cells. 

EXPERIMENTAL PROCEDURES AND RESULTS^ 
DISCUSSION 

In this study, we demonstrated that genistein inhibits the 
activities of tyrosine-specific protein kinases. Kinetic analysis 
revealed that inhibition of the EGF receptor kinase activity 
was competitive with ATP and that genistein leads to the 
formation of nonproductive enzyme-substrate complexes. 
Therefore, since Erneuz et aL (39) have proposed that the 
reaction mechanism of the EGF receptor kinase is a sequential 
Ordered Bi Bi reaction with a peptide as the first substrate 
and ATP as the second, genistein could be expected to act 
uncompetitively with respect to a phosphate acceptor, histone 
H2B, i.e. genistein could bind to the enzyme only after histone 
combined (40). However, our results indicated that genistein 
was a noncompetitive inhibitor with respect to histone H2B. 
Since genistein bears no structiiral relationship to ATP, in- 
hibition of the EGF receptor kinase activity by genistein may 

'Portions of this paper (including ''Experimental Procedures,"^ 
•Results," Figs. 1-4, and Tables I-V) are presented in miniprint aV 
the end of this paper. Miniprint is easily read with the aid of a 
standard magni^ing glass. Full size photocopies are available from 
the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda, 
MD 20814. Request Docimoient No. 86M-0280, cite the authors, and 
include a check or money order for $7.20 per set of photocopies. Full 
size photocopies are also included in the microfilm edition of the 
Journal that is available £rom Waverly Press. 
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not be due to true competition for exactly the same site as 
that utilized by ATP. Thus, it would be possible that genistein 
binds in multiple places in the reaction pathway and, conse- 
quently, appears noncompetitive with respect to a phosphate 
acceptor. In this regard, it is intriguing that quercetin, which 
has a structure closely related to genistein, has also been 
reported to be competitive with ATP and noncompetitive 
with respect to histone (14), whereas amiloride, which resem- 
bles the structures of purines and pyrinudines, is competitive 
with ATP and uncompetitive with histone (23). 

Genistein exhibited specific inhibitory activity against ty- 
rosine kinases, that is, the EGF receptor kinase and ppGO*'*" 
and ppllO^"'** kinases, but scarcely inhibited the activity of 
serine- and threonine-specific kinases such as cAMP-depend- 
ent protein kinase, protein kinase C, and phosphorylase ki- 
nase. These results are consistent with the fact that primary 
amino acid sequences of tyrosine kinases are closely related 
to each other but weakly homologous with the sequence of 
the catalytic subunit of cAMP-dependent protein kinase (1). 
Thus, genistein is not a mere ATP analogue, and can discrim- 
inate the differences in the catalytic site for ATP of these 
protein kinases. In addition, the activities of 5 '-nucleotidase 
and phosphodiesterase were also poorly inhibited by genistein. 
The property of genistein to specifically inhibit tyrosine ki- 
nase activity is clearly different from that of a flavone quer- 
cetin, which has been reported to inhibit not only the tyrosine 
kinase activity associated with ppBO'^'* (13, 14) but also the 
activities of protein kinase C (16), phosphorylase kinase (17), 
Na*,K*-ATPase (18), and 6 '-nucleotidase (Table I, Mini- 
print). High specificity of genistein will be advantageous for 
utilizing this compound as a tool for elucidating the role of 
tyrosine phosphorylation in cells. 

When the effect of genistein on the phosphorylation of the 
EGF receptor was examined in cultured A431 cells, EGF- 
stimulated increase of tyrosine phosphorylation was observed 
to decrease. EGF-induced increase in the level of cellular 
phosphotyrosine was also inhibited by the treatment of A431 
cells with genistein. These results indicate that genistein 
inhibits the tyrosine kinase activity of the EGF receptor in 
intact A431 cells. Furthermore, genistein was found to inhibit 
EGF -stimulated serine and threonine phosphorylation of the 
EGF receptor. This may result from in vivo direct inhibition 
of serine and threonine kinase activity which is responsible 
for phosphorylation of the EGF receptor. Alternatively, inhi- 
bition of the EGF receptor-associated tyrosine kinase activity 
may block a putative cellular pathway regulating serine and 
threonine kinase activity that phosphorylates the EGF recep- 
tor. Precise mechanism of this effect is, however, not known 
at the present time and remains to be determined. 
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i>htMt— y MCAvUr •* UO m/al. WUmvmtm •osb m apifMi^ acMMla and tlmfm 

tftxrt s£ mniiwfi^r a flit jbsniaoUttisa a£ tta fis ia xi3a> *** 

■■■■tnil UM •tf«at of f Wto ^ tlw ■CT'Mtiil w J pbMsAocvUUen ol tlM av 
Ko^iW !• latMt Mix*. MJi c«tU Mm I tw lH «tt» l*^|og t l in >> n i 0 iif «w • h Md 
iaotetid «itli aer (or Ck» Sm« 19 aia la tlw p w —ei «« wiOM Lu nBii i CMtto— «( 



iatMCMOlM itocttMin A iMa o«c«iMd tram lOdvich. fl«i 

afrivwOa (na *i«M «ad quucvcU frea Hakarai. Oaatataia waa pi 
»COU 9< >anJo«ooat ap. a* i W a uU wd paaF«i«ialr (34). 

Jfaitibodla^ t^iioa^ aaneeUaial anU-KT r aoap t aa aatlbedr isas l^} <asi was a «ilt 
of Or. lbMr«Ki Ka«MMta tOkayaaa Itol-awaityl. iMa Cm xatobtta faaa*ia« taM*a indMatf 
by mo>m aareoM •Irua {TMi aaraJ •S!V>i^' pwwlda* by »• t^tan lablaaki <Utai 
Mlcal aeiMoIl |2«U *nti-ppli0«^"* aB«iaa«a vara obulaad Iroa rtahar raU baarln* 
C»-raflV-t.raa«<a(a«d JTl caalla. . ^ 

C^H, HoMa apiaaraoid eanrineaa M31 ealla (9TI and MV-tranafavaad ra« 3T1 

ealuTu) •••a oouiaad froa Ot>. J, vadaro (Waabla«Mn uaiw«ifcyl aad Wiko 

N&rat tn>a Takyo NawopalitM inatAtota e< Madtm telancal, xaapactiwly. G»-r*dW- 
craaafer*ad ealla vara prapavad by traaafaeslm* m oalla aitb pM3a9-Gk<»»CV-pKwriral Mft 
ncaahiwaat, plaaud -*»iei» aaa a b t ata^d fn« Br. Oarlaa j; Masr fMatloaal C aaear 
tnatltuta) (»). aat ITl ia tbm manml aalt liM aatabkialMd Ccoa rtahar ra« httfaay ISO). 
Tteaa call liaaa wara 9»«-a la SatbMca^a aadifiad la«la*a aadla* IBMBMl aanplaaaatad ai<k 

tar raeapcar vaa puclMad fw- Tritoa X-lOO^aelabiliaad aaabranaa of 
^lla br Mfuaatlal affinity ctaOMti>9>aFby ca iritaac vara a9«la«lala<a«ar«aa aad 
)ijM-Sapt«a«oaa coIimim aa daaerilMd pKavtoaaly Oil. Tba pe«*^" klnaaa vaa 



tyroai«w-l . 

piirlflaa Ccoa Trtrae i-109-aali^llaad aaabranaa of toua • 
•ateyo CiiMrablAata by aaqaaatlal affinity earoMugraphy « caaaia-a*a«aaa and tyroataa- 
aaidwraaa eelaaaa (ia>. rrotaia klnaaa C Ma pari! lad tnm ratabit ki«iiay by ■•qiwaatiak 
ehr«aaui«rapav om OW>aapharaaa 4a and pelyaarylaaida-laMblliaad ^oaciMtldylaarlaa 
•ccaidia* to Ue*ld« at aU (JJ). u m F aa it aaaaat pracaia kiaaaa IraMttt aaaelal. 
(Aoa^nrriaaa klnaaa (ratabit aaaela). i * ipa pa e d laatataaa (bcwUia iMart) aad S*-mielaotidaaa 
(MMka vaaoa) vara abCaiaad Cxoa Si^^ 

tmwmr of anayaa fgtiyi^y WBT racaptar itlaaaa raaetloaa wca par/oraa« La a final 

mla»r^So' al eaotaiala* 20 aN Mpaa* NaGM p« 7J. lo aN »9C1,. J aaCl,, 1 alt Df», 
100 )ta aodias vanadata, 10 Ct-^I*** i* mCi./ttmoX), 1 |*9/*1 aaaaa CST (Oallabecativa 
ITii-irrhf, 10 M af **" e*li aiatwaaa, »biel» waa praparad aa daacrltad praviOMaly 1111, 
and taa labibltar. Mian ttaa kiaaaa activity •qaiaat aa aw o9 aw oa a aabatfata im aaaayad, 
kiatwia UP cas M) lSi«aal waa ineludad in tlia raaciion aistura. IHa raaction w«a 
aeatiauad for 9 ata at O'C aad taraiaat^ by additioa of Laaaali's BOS aaapla buffar (341 
aid by tailia« far 3 aia. itka aaaplaa «a>a analyaad by tOP polyaerylaaida «al 
alamrofteraaia foLlewad by aataradia«raphy. »a baada »f tka tar rac«l>tor aara aMiaad 
ft«a tAa vala and U>a radioactivity aaa eowacad -ith a liquid aciatillatian ooantar. ta 
cabla 1. thm affact of paaiataia •'aa aaaaxaad by ualn« Um purifiad WSf raeaptAC laaitaad 
of A431 call aaabraaa* iba parlfiad tor caeaptor <a.l yiq), aa aao^anoaa aubatrata. hiatona 
■2P (as tip>. and Oja» * WlOO vara iaclwdad ia tha raaetion alatura <S«aeribad abeva. itM 
raaettoa <Ma parfornad at 30X for » "icu cAWT- d a p a a da n t pcvtaia kiaaaa activity »«• 
aaaayad In a raaetion -iacara (final ««la-a of M> vl) eentalnin, 50 aM Napaa-HaOM pM 7j. 
10 aa a9Cl,, lO pa It-"»J*» (a aCl/pMl>. a aq/»l Hiatano typa IIA ISi«aa». lO p» «»ap, 
4 pq of taa aaayao aad tha inhibitor. Itioapaerylaaa kinaaa activity «««a aaaay^ la a 
raaettoa ai>ti*rk (final veluM e( M fU} eanaiatinq of 40 aM Tria-Kl pH '».4, 10 aH WgClj, 
Oa aJt CaClj, 1 aM OTT. le iM {y-"»J«» ta a«l/paol). lO p« of ptooapharylaaa D (Pivaa). 3 
pa «f tba anayaa and tha inhibiuw. activity of procain kiaaaa C aaa aaaayad ia a 
raaotioa aiatara (final valMaa of M pi) eentainio« aS aa Trla-NCl pH I.S. 10 aa a«Cl3. lo 
ftm It-"H*1» <4 aCi/paoll. SO pg/al of pitaapaatldylnorina. Ci p«/al of diolaio. 0,5 aM 
CaCl,, 10 P9 of kiat«a Nl (Sl«aa). oa p9 of ttea aaayM aad tba intaibltAr. Tba caaetion 
aiatLra vaa iaeubatad for 3 aln at 3a»C and analyaad aa daacrib«l for eST taeaptor klnaaa. 
naea^Kidivataraaa activity wa aaaayad ^n a raaetiaa aiatura (final voluaa of ^pi) 
oeapaaad a< 50 aN Trla-iCJ pH 7 J. • an aqClj. OjB aa WPTK, C02 .N OTT. 10 pH l*«CJeAllP 
(aM aCi/aMll. 1 n« of tba anayaa and eba inhibltar. S'-flaclaot Ida aa activity waa 
«M«rad lo a raactlan aiatura (tlaal voluM of M> pi) ODatainlvg 9» aa Tria-aCl iatd.S. M 
mm avCl,, 10 pM l»*Cl*l»» (M aCl/aael). 10 aM aodlua potaaaiaa tartrata. 3 n^ of tha 
anayaa aad tba inaibitor. kftar iaewtaatin* for > atn nt 30* C, ibo raaetiaa vaa 
taraiaatad by bellin« far 4S aac. "tta rooctioa pr ada ct aaa aaalymad by taia-layar 
flbsoaatopra^y aa calluloaa la atAyl alooteiy 1.0 N uaoaiua aeatata fM tA. Tt»m apot of 
adaaaaina aaa acrapad and tha radioaotlvftty waa aaaourad with a liquid aelatll latian 
eaaatar. lyroalaa klnaaa activity of ppao*^", laa an opr T ipitatad by rm oora and 
p(ot«la k-aapaaroaa 4* f raa tba datargaat lyaata of MV traaaforsod-ITl calls aaa aaaayad 
la a raactiwt aiatura ( final velaaa of Ml pi > ooatalainq ao >M pipaa-PaOn i« 7^, S aa 
B9C1^ 1 aa OTT. 10 pM It-"»1*TP ta oCi/aaolt. tat^te>afaoryl«tlan activity of ppllO^»^ 
{maMMpcaeipitatad frao Pallaa aarcuai viructrnnaf oraad STl calla aaa aaaayad undar 
kftar lnc\d>atia« far S aln at 30^ taa raaetlon wa« atoppad by tba 



vara includad in 



tioa of baanali** SO* aaapla bwftar sad by boiling for 3 ain. IfM raaction i 
•aalyaad by ms-polyaesvlaalda ««i alactrovkoraaia aa daacritoad to* tha per 
«bla I. purtllad ppdO*^** vaa alao aaad to aaaaina tha affact of 9aaiataia4 
flad ppta*"*'^ (OU>S pg) and aa aa p^noaa a ubatr ata, caaaia tas P9I. vara int 
raaction alitura. tfca raaatioa vaa parforaad at JO*C for 3 aia and tha raae< 
iHCta vara analyaad aiailariy. . ^ ^ ^ ^ 

loauBonractpitatlon SL SUA SS. racaotor— k*)! ealla vara labalad for » b xi 
t^^^^TS^SmSo^ aodltlad la«la*a aadiaa avpplaaaatad vita 2 * dialyaad 

J mmavm and 1 aCi/al of ( "pjonbophoaptoata (toarahaa). and incabatad vitA *e 

a«/al) aad tha inhibitor for tha Uat IS ain. labalad ealla mra lyaad la Rl»i 

(40 bapaa-PaOa pM7.4. 1 t pp*40. O.l « SOP. O.S » aodlua daoaychelata. O.IS M M. 
aM tNsr* 10 aN aodlua pyrat<Mw^>ta, 10 an aadiaa f loorida. 4 aa nw 3 aa oodluo 



.....Jata) 139). aiai tba lyaatva vara inodsatad vith aatl-ECP raeaptor aatitaody (Sao IqC) 
last. «ia iaaunocoaplaaaa vara adaocbaa to protaia k-taf*iaroaa 4P and vaaboO aataaaivaly 
aith dlPh buffar (3»). tha iaaaiiuprariplta taa vara analyaad ca a SOS-polyacrylaaida «al 

alaecr uph a r aata follo«.ad by autoradlo«ra^v. «o« 

-rij-,g--r— (pi^ tn^Xliar^ ^Mpaorvlatad ler raoaptor aaparatad by SOS 

pvtyscmUjUda pal alaetrophoraaia vaa dotad (roa ch* qal and aubjo c ta d to acid* 

- , Ml « a NCI for 1.9 h at llO 'c f>»a pheapheaaino acida varv raaolvad by t»o- 

alonal aaparatlon of alaetropkevaala at pM Uf follovad by •ivctrapaoraaia at ^ XS 
ror tha aatiaatlea of tha laval of phoopaotyreaiaa la total callalar pcotala. call 

- tta of I'^Plpboapbata-labalad 



flT). 



J aatraetad alth sbwiol froa tha datarpaot lyaata < 

h«ai ealla and thMi pracipitatad vith ao » TC*. lha call protaia thu a obt atnad vaa 
bydrolyaad aad aybiaetad ta tve^iaanaional aaparatlon 4- ^ ' 
atiHiiM of I'^l-xcr to » 



■adiw far 1 h prior 1 
IV iacabatiap at 4*C Cor 1 h ia tba f 

^SSrJSSlai W."* Mta? J^l^!^tiOT* tfca ai^ailayara oara oaabad Coat tlaaa altb a 
al aC blndiap aadiaa aad Mldaillaad with 1 al of 1 ■ SaOO at 37 «C Car I h I3d>. 
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•MteimHivi? iT- "fI ATV raaaltad ia tha aatapttoapberyUtlaa of tha ITO-kD msr raeaptor 
IVtfr U. laaa li ri*. 2A1. Additioa of paalataia to tba raaetiaa aiatara oaaaad • daaar 
--jj I --, lahihitioa of aoto^HaapborylatiM* aC tha aor raeaptor trip. ^ ^kh* 1^ 
«U, lha half aaalaal affact vao ^aar v ad at 0.7 pp/ai of paaiataln (Tabla XXI. whan aa 

II. L aubatrata pcotain. biatano aaa. vaa iaeladad la tha rMction alMtura. 
^wapborylatioa of klatMia saP paaeaadad liaaarly for at laaat 3 aln (tip. a«). Uiia aaa 
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Oncogenes were first described as retrovirus-encoded 
genes that produced tumors in birds and rodents. These 
genes were then shown to be dominant mutated forms of 
host genes (proto-oncogenes) that had been picked up by 
the retroviruses (Bishop, 1991 [this issue of Cell]). Most 
proto-oncogenes are thought to encode proteins that are 
Involved in the cascade of events by which growth factors 
stimulate normal cell division. 

Oncogenes described to date encode proteins that fall 
into four classes: growth factors (e.g.. v-s/s), growth factor 
receptors (v-erbS, v-fms, v-kit), transducers of growth fac- 
tor responses (v-src, v-ras, v-raO, and transcription factors 
that mediate growth factor-induced gene expression (v-/un, 
v-fos). In general, the transcription factor-type oncogenes 
appear to act in cooperation with oncogenes from the 
other categories to accomplish transformation (Hunter, 
1991 [this issue]). 

Transformation is also facilitated by recessive mutation 
of certain genes, which have thus been termed anti- 
oncogenes or tumor suppressor genes (Marshall, 1991 
[this issue]). Several DNA tumor viruses (SV40, papilloma, 
polyoma, adenovirus) produce proteins that associate 
with products of the retinoblastoma {RB) and p53 tumor 
suppressor genes. Although the functions of these genes 
are not yet fully understood, their protein products clearly 
play critical roles in growth regulation since diverse vi- 
ruses accomplish cell Immortalization by targeting the 
same two proteins (Buchkovich et al.. 1990; Weinberg. 
1990). The recent discovery that the protein encoded by 
the neurofibromatosis gene (an implied anti-oncogene) is 
homologous to ras GTPase activating protein {ras GAP), 
a protein that down-regulates the activity of the c-ras proto- 
oncogene, suggests that anti-oncogenes may act by 
directly attenuating proto-oncogene functions (Xu et al., 
1990). 

In the past 2 years some critical connections have also 
been made between oncogenes and genes that regulate 
progression through the normal cell cycle (Barrett et al., 
1990; Mailer, 1990; Roy et al., 1990). Notably, c-mos was 
found to encode a component of the cytostatic factor that 
blocks a new round of cell division in Xenopus oocytes 
(Sagata el al., 1989). The serine kinase encoded by the 
c-mos proto-oncogene was shown to phosphorylate cyclin 
B in vitro (Roy et al., 1990). p34'=*^2, a serine/threonine ki- 
nase centrally involv d in cell cycl progression, was also 
shown to b phosphorylated on tyrosine In a cell cycle-de- 
pendent manner, implicating the protein-tyrosine kinase 
family of proto^ncogenes in cell cycle regulation (Praetta 



et al., 1988). In addition. p34^^^^ appears to phosphory- 
late pp60*=-^'^ in a cell cycle-dependent manner (Morgan 
et al., 1989; Shendy et al.. 1989). 

Thus, after years of slow progress In understanding the 
function of oncogenes, a plethora of biochemical connec- 
tions between the proteins encoded by these genes have 
recently been made. This progress has allowed a better 
understanding of the biochemical mechanisms of cell 
transformation. In addition, the mechanism by which 
growth factors signal mitogenic responses to the nucleus 
of normal cells has become more clear. One major break- 
through in this area has been the realization that many 
growth factors trigger changes in the cytosolic domains of 
their receptors that result in the recruitment of critical 
signal-transducing enzymes from the cytosol to the inner 
surface of the plasma membrane. The growth factor-de- 
pendent association of these transducers with the recep- 
tors has allowed them to be purified and Identified. Thus, 
some of the primary responses to growth factor stimula- 
tion have been determined. Not surprisingly, oncogenes 
activate some of the same transducing enzymes as 
growth factor receptors. 

The purpose of this review is to incorporate recent dis- 
coveries into a general biochemical pathway by which th 
protein products of oncogenes send signals from the c II 
surface to the nucleus. The protein-tyrosine kinase on- 
cogenes will be the primary focus of the review. However, 
biochemical connections between the protein-tyrosine ki- 
nases and oncoproteins of the Ras, Raf, Fos, Jun. and Rei 
families as well as the protein kinase C family are also dis- 
cussed. For more comprehensive discussions of connec- 
tions between oncogenes and cell cycle genes see Mailer 
(1990) and Lewin (1990). 

Nonreceptor Protein-iyrosine Kinases 

A large family of protein-tyrosine kinases has been re- 
vealed over the past 10 years (reviewed by Hanks et al., 
1988). Many of these enzymes were discovered as prod- 
ucts of retrovirus-encoded oncogenes. These kinases fall 
into two families: the transmembrane receptor family and 
the cytosolic nonreceptor family. .ppeo^'^"^ is the prototype 
of the latter family and the best characterized of the 
protein-tyrosine kinases. 

Structure of ppSO*^"*' 

All the protein-tyrosine kinases have sequence homology 
over a stretch of approximately 300 amino acids (some- 
times interrupted; see below) that has been defined as the 
kinase domain (Hanks et al.. 1988). The Src subfamily has 
additional regions of homology not found in the receptor 
family (Figure 1). These regions include a short amino- 
terminal sequence required for addition of myristic acid 
and two additional domains named Src homology 2 and 
3 (SH-2 and SH-3). The myristic acid addition is required 
for membrane localization (Cross et al., 1985; Buss and 
Sefton, 1985; Kamps et al., 1986). The association with 
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Figure 1. Examples of the Receptor and Nonreceptor Families of 
Protein-Tyro sine Kinases 

All proteln-tyrosine kinases have sequence similarity over the kinase 
domain (Hanks et al., 1988). The Src-like subfamily has additional 
regions of homology labeled SH-2 and SH-3 that are not conserved In 
the receptor family (see text). Proteins of the Src family have a con- 
sensus sequence at the amino terminus that results in attachment of 
myristic acid. A recently discovered 32 kd protein binds myristoylated 
ppQQP-^ and causes l€x;alization at the inner surface of the plasma 
membrane (Resh and Ling. 1990). Proteins of the receptor family have 
an amino-terminal extracellular domain that binds ligand and a single 
stretch of approximately 20 hydrophobic amino acids that span the 
membrane bilayer. 



the membrane is not merely a consequence of the hy- 
drophobicity of the myristic acid: a membrane protein that 
provides a receptor for myristoylated peptides was re- 
cently described (Resh and Ling, 1990). Association with 
the plasma membrane via myristic acid addition to the 
amino terminus is also common to diverse families of pro- 
teins unrelated to tyrosine kinases. 

The SH-2 and SH-3 domains have also been discovered 
in proteins otherwise unrelated to protein-tyrosine ki- 
nases. Included are phospholipase C-y (PLC-y) (Stahl et 
al.. 1988; Suh et al., 1988a, 1988b), ras GAP (McCormick. 
1989), and the cr/c oncogene product (Mayer et al., 1988), 
All the proteins in this interesting group associate with ac- 
tivated protein-tyrosine kinases in intact cells. Most intrig- 
uing is the retrovirus-encoded gag-crk oncogene. This 
gene encodes a small protein that consists of very little se- 
quence b sides a viral Gag sequence and an SH-2 and 
SH-<3 domain. Regions of similarity to the SH-3 domain 
(but not SH-2 domain) have been detected in actin-binding 



proteins including myosin, spectrin, and a yeast cytoskel- 
etal protein (Orubin et al., 1990), raising the possibility that 
this domain is Important for association with the cyto- 
skeleton. Interestingly, the c-AbI protein is associated with 
actin filaments, and deletion of the SH-3 domain elimin- 
ates this association and causes transformation (Jackson 
and Baltimore, 1989; Van Etten et al., 1989). 

Mechanisms for Regulation of the Nonreceptor 
Family of Protein-Tyroslne Kinases 
The normal cellular products of the src family of proto- 
oncogenes have relatively low levels of protein-tyrosine 
kinase activity. Although these proteins have no extracel- 
lular domain for direct binding to growth factors, there is 
evidence that these kinases are activated by growth fac- 
tors and other cellular activators. In platelets, thrombin ac- 
tivates protein-tyrosine kinases of the Src family (Ferrell 
and Martin, 1988, 1989; Golden and Brugge, 1989; Gut- 
kind et al.. 1990; Rendu et al., 1989). Platelet-derived 
growth factor (PDGF) activates the protein-tyrosine kinase 
activity of ppeo^*^ in fibroblasts (Gould and Hunter, 
1988; Kyptaet al., 1990). Protein-tyrosine phosphorylation 
can be increased in some cells by GTP-y-S (Nasmith et al., 
1989) and by activators of the protein-serine/threonine ki- 
nase, protein kinase C (PKC) (Kazlauskas and Cooper, 
1988). Thus, it is possible that G proteins and/or PKC is 
an intermediate in the signal cascade from receptor to 
protein-tyrosine kinase activation. However, in some cases 
enzymes of the Src family directly associate with the cyto- 
solic domain of transmembrane receptors (see CD4/CD8 
association with ppSS^ '^^'^ below). 
Carboxy-Teiminal Phosph orylation 
Comparison of transforming and nontransforming mu- 
tants of pp60*=*^'^, pp60^-*'^, and other members of this 
family has provided clues to the biochemical mechanism 
by which protein-tyrosine kinase activity is regulated. The 
first important clue was the discovery that pp60^-^"^ is 
phosphorylated in vivo at a tyrosine residue near the car- 
boxyl terminus (Tyr-527) in a region outside of the kinase 
domain (Cooper et al., 1986; Schuh and Brugge, 1988). 
pp60^-««= lacks this tyrosine residue, and mutation of this 
tyrosine to a phenylalanine increases the protein-tyrosine 
kinase activity and the transforming activity of ppSO^-*"^ 
(Cartwright et al.. 1987; Kmiecik and Shalloway, 1987; 
Plwnica-Worms et al., 1987; Reynolds et al.. 1987). 

Other proto-oncogenes in this family have potential tyro- 
sine phosphorylation sites at analogous locations, and 
these regions are typically deleted in the retrovirus-cap- 
tured genes. Phosphorylation of ppSO^-^"^ at Tyr-527 is ap- 
parently mediated by a distinct protein-tyrosine kinase 
rather than by autophosphorylation (Okada and Naka- 
gawa, 1989). Thus, one potential way to activate ppeo^-*"^ 
and other members of this family is to dephosphorylate at 
the carboxy-termlnal phosphotyrosine. This possibility is 
being explored, especially as a mechanism of action of 
the lymphocyte CD45 **receptor-like" protein-phosphoty- 
rosine phosphatase (Mustelin and Altman. 1990; Oster- 
gaard and Trowbridge, 1990). 

The Importance of phosphotyrosine 527 In regulating 
pp6oc-«rc protein-tyrosine kinase activity is further sup- 
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Figure 2. Model for Regulation of the Protein-Tyrosine Kinase Activity 
of pp60<^ *^ by Carboxy-Terminal Phosphorylation on Tyrosine 
In normal cells, pp60<=-*^ is phosphorylated at tyrosine-527 and has 
very low protein -tyrosine kinase activity. The diagram at top indicates 
that phosphotyrosine-527 associates with the SH-2 domain of the 
same pp60<= *^ molecule to form a structure with low proteln-tyrosine 
kinase activity. This model Is t>ased on results from Hanafusa's labora- 
tory indicating that SH-2 domains specifically interact with tyrosine- 
phosphorylated proteins (see text). Significantly. ppeO"^ lacks 
tyFOSine-527. 

The diagram at bottom right indicates that the polyomavirus trans- 
forming protein, middle t. associates with pp60°-^ in such a way as 
to prevent phosphorylation of tyrosine-527 and thereby blocks the 
head-to-tail association. This results in activation of pp60*=**" protein- 
tyrosine kinase activity. The association involves the amino terminus 
of middle t (Cook and Hassell, 1990) and the carboxyt terminus of 
pp60<=*^ (Piwnica-Worms et al., 1990). Also indicated are the majbr 
site of tyrosine phosphorylation of middle t (Tyr-315), the major auto- 
phosphorylation site of pp60«-*«^ (Tyr-416), and an NPXY sequence in 
middle t (see text). 

The diagram at bottom left suggests a possible mechanism for acti- 
vation of proteln-tyrosine kinases by the v-crk oncogene product. This 
protein has an SH-2 domain that might bind to phosphotyrosine-527 
of ppeo^-^ and thereby cause activation (see text). 



ported by studies with the polyomavirus transforming 
gene, middle t (Figure 2). This gene encodes a 58 kd pro- 
tein that forms a 1:1 complex with certain proteins in the 
Src family, especially ppBO^'^"^, pp59<^-'^'', and pp60c-*«« 
(Courtneidge and Smith, 1983; Cheng et al., 1988a; Kypta 
et al., 1988; Kornbluth et al., 1990). The proteln-tyrosine 
kinase activity of pp60c-«'c jg activated by formation of this 
complex (Bolen et al., 1984; Courtneidge, 1985). The re- 
gion of ppGO^-^ implicated in binding of middle t is prox- 
imal to Tyr-527 (Cheng et al., 1988b, 1989; Piwnica-Worms 
t ai., 1990), and this residue fails to be phosphorylated 



in the complex (Cartwright et al.. 1986; Cheng et al 
1989). Thus, middle t appears to activate ppSO^ *'*^ at leas 
in part by preventing phosphorylation of Tyr-527. 
Th SH 2 Domain as a Ph sphotyrosine-Binding SiU 
In attempts to understand the mechanism of cell transfer 
mation by gag-crk, it was discovered that this gene acti 
vates cellular proteln-tyrosine kinase activity (flayer et al. 
1988) and that immunoprecipitates of p475^9-crk proteir 
from transformed cells contain a collection of tyrosine 
phosphorylated proteins similar to those found in anti- 
phosphotyroslne antibody Immunoprecipitates (Matsuda 
et al.. 1990; Mayer and Hanafusa. 1990). p47ff«ff-«'* aisc 
specifically associated with pp60^-«'^ but failed to associ- 
ate with ppeo^-^ if autophosphorylation at Tyr-416 of 
pp60^*'^ was prevented (Matsuda et al., 1990). Muta- 
tional studies of Gag-Crk indicated that the only region of 
the avian protein essential for transformation or for associ- 
ation with the tyrosine-phosphorylated proteins was the 
SH-2 domain. These results indicate that the SH-2 domain 
of p47ff«5-«'* has specificity for tyroslne-phosphorylated 
regions of proteins. A labeled form of the SH-2 domain of 
the Abl protein binds to a similar set of SDS-denatured cel- 
lular polypeptides, as does an anti-phosphotyrosine anti- 
body. Pretreatment of the cellular proteins with a phos- 
photyroslne phosphatase prevents the binding (Mayer et 
al., 1991). These results support the idea that the SH-2 do- 
main binds to tyroslne-phosphorylated proteins and Indi- 
cates that this association readily occurs with proteins that 
have been denatured in SDS. 

A simple model has therefore been proposed to explain 
how phosphorylation of Tyr-527 inhibits the proteln-tyro- 
sine kinase activity of ppBO^^-^ (Matsuda et al., 1990) 
(see upper half of Figure 2). In this model, the SH-2 do- 
main is a binding site for specific peptide sequences con- 
taining phosphotyroslne. This association is regulated by 
tyrosine phosphorylation and dephosphorylation. Speci- 
ficity of association of a particular SH-2 domain with a par- 
ticular phosphopeptide Is provided by the amino acid 
residues surrounding the phosphotyroslne (and perhaps 
also by the SH-3 domain; see below). The model In Figure 
2 proposes that when Tyr-527 of pp60*^-^'^ Is phosphory- 
lated, this domain folds Into the SH-2 domain of the same 
molecule In a head-to-tail self-association that inhibits 
proteln-tyrosine kinase activity. There is evidence that the 
amino-terminal and carboxy-terminal regions of pp60^^ 
are closely associated In the native state (McCarley et al., 
1987). This model Is analogous to autolnhlbitory-domain 
models that have been proposed to explain regulation of 
protein-serlne kinases (Soderllng, 1990). 

The abilities of pAra^s-crk ^^d polyoma middle t to acti- 
vate cellular prpteln-tyrosine kinases might also be ex- 
plained by this model. For example, p47s«9-c^ could acti- 
vate ppeo^-^"^ by competing with the intrinsic SH-2 
domain of ppeo^-^'^ for association with phosphotyrosine- 
527 This would free the SH-2 domain of pp60*=-*^, allow- 
ing activation of proteln-tyrosine kinase activity and as- 
sociation with critical targets (see bottom of Figure 2). 
Thus far ther Is no evidence that p47s^o-^ can associ- 
ate with 1yr-527 in vivo. As discuss d above, association 
of polyoma middle t with ppSO^-^ reduces phosphoryla- 



Cell 
284 



85kDa 



110 kDa 



Ptdlns 3-Kinase 




MIDDLE t/pp60' 




85 kDa 



110 kDa 




TYR-P 7 



Ptdlns 3-Kinase 



pp60 



V-src 



Figure a Involvement of SH-2 Domains in the Association of Ptdlns 
3.Kfnase with Middle t-pp60c-««^ and with pp60^*«' 
The Ptdlns 3-kinase is a heterodimer of 85 kd and 1 10 kd proteins (Car- 
penter et al.. 1990). The 85 kd subunit has SH-2 domains and Is phos- 
phorylated on tyrosine In middle t-transformed cells (see text). The up- 
per diagram suggests that phosphorylation of middle t at Tyr-315 
creates a binding site for the SH-2 domain of the 85 kd subunit of 
Ptdlns 3-kinase. The lower diagram suggests that association of Ptdlns 
3-kinase with ppSO^ occurs In a reciprocal fashion: ppBO^*^ first 
phosphor ylates the Ptdlns 3-klnase and then the phosphoprotein as- 
sociates with the SH-2 domain of ppSO"^^ (see text) 



tion atTyr-527, and this would also prevent the head-to-tail 
self-association (bottonn of Figure 2). 

The results of mutational studies of the SH>2 domain of 
pp60c-«'c, pp60^^, and pplSO^-p* can be interpreted in 
terms of this model. Deletion of a large region of pp60<^-*'^ 
including the SH-2 domain compromises the ability of 
pp50c-sn: iQ transform when overproduced (Nemeth et al.. 
1989). This result could indicate that the SH-2 domain 
plays a positive role in substrate utilization by ppGO'^'^ or 
that the mutant protein fails to fold properly. Deletion of a 
phenylalanine from a conserved region of the SH-2 do- 
main reduces the ability of pp60^-^ to phosphorylate 
substrates in intact cells and to transform mammalian but 
not chicken fibroblasts (Verderame et al., 1989). This re- 
sult argues that the SH-2 domain is important for sub- 



strata utilization by ppSO'^^''^. Consistent with this idea, 
other mutations in the SH-2 domain of activated pp60^ 
have been shown to affect association with specific cellu- 
lar proteins and/or cell transformation (Hirai and Varmus, 
1990; Reynolds et al.. 1989; Wang and Parsons, 1989; 
Wendler and Boschelli. 1989). Similarly, mutations in the 
SH-2 domain of pp130^-'P* can cause either positive or 
negative effects on protein-tyrosine l<inase activity and 
can also affect specific substrate recognition in vivo (Koch 
et al., 1989). 

The surprising finding that a single amino acid substitu- 
tion in a conserved region of the SH-2 domain of ppeo^-^'c 
IS able to activate protein-tyrosine kinase activity, cause 
association with one of its targets (phosphatidylinositol 
3-kinase; see below), and enhance cell transformation 
without an increase in phosphorylation of either Tyr-416 or 
a decrease in phosphorylation of Tyr-527 (O'Brien et al., 
1990) could also be explained by the models in Figures 2 
and 3. One could argue that the mutations decrease the 
affinity of the SH-2 domain for the phosphotyrosine-527 
region, thereby freeing this domain to activate the protein- 
tyrosine kinase activity and to associate with critical 
targets. 

These results not only suggest a mechanism for regula- 
tion of protein-tyrosine kinase activity but also provide 
new insight into the role of autophosphorylation of protein- 
tyrosine kinases in signal transduction. The prevalence of 
autophosphorylation (or transphosphorylation of homo-^ 
dimers) as the major activity observed in vivo has distin-^ 
guished the protein-tyrosine kinases from the serine/ 
threonine kinases. In fact, the difficulty in finding relevant 
protein-tyrosine kinase substrates other than the kinases 
themselves has been a hallmark of this field. The models 
in Figures 3 and 4 suggest that autophosphorylation 
alone could be important by providing binding sites for 
specific cytosolic proteins containing SH-2 domains. In 
this model, the protein-tyrosine kinase provides the criti- 
cal gathering place for signal-transducing molecules. 
Strong support for this model is provided by a recent 
demonstration that isolated SH-2 domains can bind to ac- 
tivated receptor-type protein-tyrosine kinases (Anderson 
et al., 1990). This model is discussed in more detail below. 
Aecepfors That Bind Directly to Src-IIke 
Protein-Tyrosine Kinases 

Studies of the CD4 and CDS lymphocyte cell surface pro- 
teins have provided a simple model for activation of a 
protein-tyrosine kinase of the Src family by extracellular 
molecules. The Src-like tyrosine kinase p56'^'^ is as- 
sociated with the cytosolic domain of both of these pro- 
teins. Stimulation of the appropriate T cells with antibod- 
ies directed against CD4 results in activation of p56'^* 
(Veillette et al., 1988). Similar results are found using anti- 
bodies against CD8 and T cells containing this antigen 
(Veillette et al.. 1988; reviewed by Rudd et al., 1989). A 
short region of the carboxy-termtnal cytosolic domain of 
these two proteins has been implicated in the association 
with p56/c* (Barber et al., 1989; Shaw et al,, 1990; Turner 
et al., 1990). The association occurs via an amino-terminal 
region of p56*^ '^'' that is not conserved in other protein- 
tyrosine kinases (Shaw et al., 1989; Turner et al., 1990; 
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Figure 4. Recruitment of Cytosolic Enzymes 
with SH-2 Domains to Activated Protein- 
Tyrosine Kinases 

This model is an extension of the model in Fig- 
ure 3. Receptor-type protein-tyrosine kinases 
undergo ligand-induced dimerizatlon, resulting 
In cross-phosphorylation of the subunits on 
tyrosine residues. The multiple tyrosine-phos- 
phorylated regions of the receptors provide 
specific binding sites for cytosolic enzymes 
containing SH-2 domains. The sequence sur- 
rounding the phosphotyrosine provides recog- 
nition of specific SH-2 domains. Once asso- 
ciated, these proteins are substrates for the 
receptor protein-tyrosine kinase. Tyrosine phos- 
phorylation may modulate the activities of 
these proteins (see text). Recruitment alone 
may also be Important since the substrates for 
Ptdlns 3-kinase and Ptdlns-speclfic PLC-y are 
membrane lipids and the target for GAP is 
p21'»», which also resides at the plasma mem- 
brane (see text). 



Vega et a!., 1990). Extrapolating from the model in Figure 
2, one could propose that upon binding of extracellular 
ligand, CD4 induces a conformational change at the 
amino terminus of pSG'^'*^* that weakens the association 
between the SH-2 domain and the carboxy-terminal phos- 
photyrosine. thereby opening the enzyme for substrate 
utilization. Dephosphorylation of the carboxy-terminal 
tyrosine would not be required in this model. Further 
studies are necessary to elucidate this pathway. 

The T cell receptor also activates a Src-like tyrosine ki- 
nase upon stimulation with antibodies. This receptor 
directly binds to the c-Fyn tyrosine kinase (Samelson et 
al., 1990)» and the C subunit of the associated CD3 com- 
plex becomes phosphorylated on tyrosine. The mecha- 
nism of activation of c-Fyn is not yet clear There is also 
evidence for activation of p56'^'^ by antibodies against the 
T cell receptor and by antibodies against CD2 (Danielian 
et al., 1989). 

Recently, evidence for regulation of Src-like protein- 
tyrosine kinases by direct association with the PDGF 
receptor has been found (Kypta et al.. 1990). pp60^'^ as- 
sociates with the PDGF receptor in a PDGF-dependent 
manner, and the protein-tyrosine kinase activity of pp60^^ 
from PDGF-stimulated cells Is increased. It is possible 
that autophosphorylation of the PDGF receptor at a tyro- 
sine residue forms a binding site for the SH-2 domain of 
pp60<^-*'^, causing recruitment and activation (compare 
Figure 3). Alternatively, ppeo*^-*'^ may associate wrth the 
PDGF receptor via an intermediary protein such as phos- 
phatidylinositol 3-kinase (Ptdlns 3-kinase), forming a 
bridge between these two protein-tyrosine kinases. This 
possibility is discussed more below. 

pp60c-«« and other members of this family are also 
phosphorylated on serine/threonine residues in vivo, and 
it Is likely that thes modifications have some effect on lo- 



cation, association with targets, or regulation of kinase ac- 
tivity (Luo and Sefton. 1990; Patschinsky et al., 1986). 

Primary Targets of Nonreceptor Protein-Tyrosine 
Kinases 

Until recently, relevant cellular substrates of the protein- 
tyrosine kinase activity of the Src-like enzymes have been 
elusive. The low level of in vivo tyrosine phosphorylation, 
when compared with the rapid and pleiotropic cellular re- 
sponses observed, argues that the critical cellular targets 
of protein-tyrosine kinases are likely to be amplifiers. En- 
zymes with potential regulatory activities have been found 
to bind tightly to both receptor-and nonreceptor-type 
protein-tyrosine kinases. These enzymes include Ptdlns 
3-kinase, Ptd Ins-specific PLC-y, ras GAR and the pf>74^^ 
serine/threonine kinase. Table 1 summarizes the evidence 
that these enzymes are targets of various protein-tyrosine 
kinases. 

Ptdlns 3'Kinase Association with ppeo*^'^"^ 
Ptdlns 3-kinase was the first of this group of proteins to be 
found associated with a tyrosine kinase. Until recently, 
phosphatidylinosltol was thought to be phosphorylated 
only at the D-4 and D-5 positions of the inositol ring (for 
review see Carpenter and Cantley, 1990). The discovery 
of Ptdlns 3-kinase uncovered a family of D-3 phos- 
phorylated phosphoinositides that appear to act in a new 
signaling pathway distinct from the canonical Ptdlns turn- 
over pathway (Auger et ai., 1989b; Whitman et al., 1988). 

Ptdlns, Ptdlns 4-phosphate, and diacylglycerol have all 
been shown to be phosphorylated by activities that co- 
purified with pp60^-*'^ (Sugimoto et al., 1984). Immuno- 
precipltates of pp68*-«** were also found to contain Ptdlns 
kinase activities (Macaraet al., 1984). These activities did 
not easily separate from the protein-tyrosine kinase activ- 
ity of pp60^ and pp68^ and were Inhibited in parallel 
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Table 1. Enzymes Directly Affected In Vivo by Activated Protein-Tyrosine Kinases 
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Symbols: A, direct physical association with protein-tyrosine kinase; P-Y, evidence that enzyme Is phosphorylated on tyrosine in vivo; t, evidence 
either that the specific activity of the enzyme increases in vitro or products of , the enzyme are elevated in vivo; ± , evidence for association in 
certain cell types but not in others. 



with the tyrosine Iclnase activity; for these reasons they 
were originally thought to be Intrinsic activities of the 
same polypeptide. The Rdlns kinase activity was also 
found to coimmunopreclpitate with the polyoma middle 
t-pp60^-^ complex of polyoma-infected cells (Whitman 
et al„ 1985). The Ptdlns kinase activity was shown to be 
separable from the middle t'pp60^*^ complex in very 
high salt and detergent solutions (Kaplan et al., 1986; 
Whitman et aL, 1987). This enzyme was then shown to be 
distinct from the major Ptdlns 4-kinase activity in fibro- 
blasts (Whitman et al., 1987) and to phosphorylate the 0-3 
position of the Inositol ring (Whitman et aL, 1988). 
Interest in the Ptdlns 3-kinase was piqued before the 



discovery that it functioned in a new pathway because as- 
sociation of this enzyme with polyoma middle t tightly cor- 
related with cell transformation. All mutants of middle t 
that failed to associate with the Ptdlns kinase failed to 
transform 3T3 fibroblasts (Courtneidge and Heber, 1987; 
Kaplan et al., 1986, 1987; Whitman et al., 1985). Subse- 
quent studies indicated that mutants of ppeo^-^ (Fukui 
and Hanafusa, 1989) and of ppl 30^*5^' (Varticovski et 
aL, 1991) that failed to associate with Ptdlns 3-kinase 
failed to transform cells. Mutations in pp60*^'^ that 
caused transformation caused association with Ptdlns 
3-kinase (Chan et al., 1990). 
For most of the oncogene mutants investigated, the abil- 
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Ity of the gene product to associate with Ptdlns 3-kinase 
correlated with the level of protein-tyrosine kinase activity, 
which also correlated with the ability to transform fibro- 
blasts. However, a fannily of middle t mutants that associ- 
ate with pp60^-^ and activate tyrosine kinase activity but 
fail to transform cells in culture have been described 
(Courtneldge and Heber, 1987; Druker et al., 1990; Kaplan 
et al., 1986; Whitman et a!., 1985). Some of these mutants 
have been found to be defective in association with the 
Ptdlns 3-kinas^^or activation of this enzyme in vivo, indi- 
cating an essential role of this enzyme in transformation 
by middle t (Whitman et al.. 1985; Kaplan et al., 1986; 
Serunian et al., 1990; Courtneidge and Heber. 1987). The 
most interesting of this group of mutants is a Tyr— Phe sub- 
stitution at position 315, the major site of tyrosine phos- 
pfiorylatlon in vivo (Whitman et al.. 1985). Later studies 
strongly Implicated this region of middle t in binding of 
Ptdlns 3-kinase and in the ability of polyomavirus to in- 
duce tumors In vivo (Talmage et al., 1989). 

An 85 kd phosphoprotein was implicated as a subunit 
of the Ptdlns 3-kinase. This protein was shown to correlate 
with the appearance of this activity in immunoprecipitates 
of a number of middle t mutants (Courtneldge and Heber, 
1987; Kaplan et al.. 1987). The same protein was also 
shown to appear in parallel with Ptdlns 3-kinase activity 
in anti-phosphotyrosine immunoprecipitates of PDGF- 
stimulated cells and to copurify with the PDGF receptor 
(Kaplan et al., 1987). Phosphoamino acid analysis re- 
vealed that the 85 kd protein was phosphorylated on both 
serine and tyrosine residues in middle t-transformed cells 
and PDGF-stimulated cells (Kaplan et al., 1987). This pro- 
tein was also shown to be phosphorylated by the tyrosine 
kinase activities of these complexes following immuno- 
precipitation. indicating that the 85 kd subunit of Ptdlns 
3-kinase is a direct substrate of pp60<^-«'«= and the PDGF 
receptor (Kaplan et al.. 1987). The association of this en- 
zyme with the PDGF receptor is discussed further below. 

The Ptdlns 3-kinase is a tightly associated heterodimer 
of the 85 kd protein and a previously undescribed 110 kd 
protein (Carpenter et al., 1990). The purified Ptdlns 3-ki- 
nase tightly associates with tyrosine-phosphorylated mid- 
dle t in the absence of pp60«-*'^ or with tyrosine kinase- 
actlve pp60^»c in the absence of middle t. apparently 
through distinct domains. At least for polyoma middle t, 
this interaction occurs through the 85 kd subunit (Car- 
penter et al.. 1990; Cohen et al., 1990a, 1990b). The re- 
gion of middle t Involved in this association is apparently 
around Tyr-315. As mentioned above, this is the major site 
of phosphorylation of middle t by pp60*= *'<^, and mutation 
of this residue to a Phe reduces (but does not eliminate) 
association with Ptdlns 3-kinase (Whitman et al., 1985; 
Talmage et al., 1989). The domain of p85 Involved in the 
association with middle t has not been determined. How- 
ever, cDNA clones of the 85 kd subunit of Ptdlns 3-kinase 
were recently sequenced and determined to have two 
SH-2 domains and an SH-3 domain (M, Waterfield and 
P. Parker, person ar communication; L. Williams, personal 
communication). Thus, th prediction of the model in Fig- 
ure 3 is that an SH-2 domain of the 85 kd subunit of Ptdlns 
3-kinase associates with the phosphotyrosine-315 region 
of middle t. 



The mechanism by which pp60^-*«^ associate 
Ptdlns 3-kinase is likely to involve the SH-2 don 
pp60^«« and a tyrosine-phosphorylated region 
Ptdlns 3-kinase (Figure 3). As discussed abov 
amino acid substitutions in the SH-2 domain of pp 
increased Ptdlns 3-klnase association and incr 
transformation without causing dephosphorylation 
527 or increased phosphorylation at Tyr-416 (O'Bf 
al.. 1990). 

A significant number of protein-tyrosine kinases 
Src-like and receptor-type, have now been shown 
sociate with Ptdlns 3-kinase (Table 1). In all cases 
tigated, the association has been found to be depe 
on the activation of protein-tyrosine kinase activity, 
by addition of growth factors or hormones or by mui 
Association of Ptdlns 3-kinase with activated pr 
tyrosine kinases appears to be almost ubiquitous (se 
cussion of receptor-type tyrosine kinases). Thus, it s 
likely that the primordial protein-tyrosine kinase 
which these proteins evolved associated with the F 
3-kinase and this association has been maint 
throughout evolution. Significantly, both tyrosine k 
activity (Gould and Nurse, 1989) and Ptdlns 3-klnas 
tivlty (Auger et al., 1989a) exist in eukaryotic systems 
man to yeast. 

ras GAP Is Tyrosme-Phosphorylated in Cells 
Transformed by both Receptor- and 
Nonreceptor-Type Protein'Tyrosine Kinases 
ras GAP has been shown to be phosphorylated on 
sine in cells transformed by several oncogenes (El 
al., 1990). As discussed in more detail below, ras G/ 
also phosphorylated In response to stimulation of 
with PDGF. epidermal growth factor (EGF). or cc 
stimulating factor 1 (CSF-1) (Ellis et al.. 1990; Kaplan c 
1990; Kazlauskas et al.. 1990; Molloy et al.. 1989; Re 
et al.. 1990). Unidentified 62 kd and 190 kd protein 
sociate with ras GAP in cells transformed by pre 
tyrosine kinase type oncogenes. These proteins are 
phosphorylated on tyrosine (the obvious candidate 
these proteins, ppeo*'^ and the PDGF receptor, f 
been eliminated [Kazlauskas et al.. 1990; Polakis e 
1990]). Thus, when certain cellular protein-tyrosint 
nases are activated, ras GAP becomes phosphoryl 
on tyrosine and tightly associates with other tyros 
phosphorylated proteins. 

The mechanism by which ras GAP complexes 
other tyrosine-phosphorylated proteins is also likely t 
volve formation of an SH-2 domain-phosphotyro 
complex (see Figure 3). ras GAP has two SH-2 dome 
and one of these is required for association with 
(Polakis el al., 1990), although neither is needed for 
GTPase stimulating activity. Potentially the tyrosine-pf 
phorylated region of ras GAP could be involved In forn 
associations with other proteins containing SH-2 doma 
The role of ras GAP in tyrosine kinase signaling is 
cussed further below. 

Raf Activation By Pr tein-Tyr sine Kinases 
The protein-serine/threonine kinase ppTA^ "^ can be 
munopreclpltated by an anti-phosphotyrosine antib« 
from cells transformed by src-like oncog nes (Morrisot 
al., 1988; reviewed by Roberts. 1991). The immunoprec 



tated ppTA^-^ had an altered mobility on SDS gel elec- 
trophoresis and had enhanced phosphorylation on ser- 
ine, it was also more active than unphosphorylat d 
pp74c./H/^ indicating that the tyrosine kinases wer some- 
how activating the serine kinase activity of pp74c*^. This 
activation was a key discovery, since It provided a link be- 
tween the tyrosine kinase family of oncogenes and a 
proto-oncogene of the serine kinase family. 

Previous studies suggested that v-raf transformed by 
activating events downstream of tyrosine kinases and ras 
{Smith et al., 1986). Although pp74<=-'^ is immunoprecipi- 
tated by anti-phosphotyrosine antibodies from v-src-trans- 
formed cells, most of the increase in phosphorylation ap- 
pears to be on serine residues. Thus, pp74c-^ differs 
from Ptdlns 3-kinase and ras GAP in that it is weakly phos- 
phorylated on tyrosine. Significantly, pp74«=-'^ lacks SH-2 
domains, so its recruitment to activated protein-tyrosine 
kinases does not appear to be explained by the model in 
Figure 4. Possibly pp74*^-™' Is associated with another pro- 
tein that contains SH-2 domains and that becomes phos- 
phorylated on tyrosine. The possible signaling pathway 
for pp74«=-^«^ is discussed below. 
Other Targets of Nonreceptor Protein-Tyrosine 
Kinases 

A number of other proteins have been shown to become 
phosphorylated on tyrosine in cells transformed by Src 
and related oncogenes. These include the lipocortin/ 
calpactin family of proteins (Pepinsky and Sinclair, 1986; 
Saris et al., 1986), ezrin (Gould et al., 1989), a 42 kd ser- 
ine/threonine kinase (Ely et al., 1990; Kazlauskas and 
Cooper, 1988), and a host of others (reviewed by Hunter 
et al., 1988). The lipocortin/calpactin proteins undergo 
calcium-dependent association with membranes, and 
one protein in this family has been implicated as an inosi- 
tol 1,2-cyc!ic monophosphate phosphohydrolase (Ross et 
al., 1990). They do not have SH-2 domains and, unlike the 
group of proteins discussed above, they do not appear to 
associate tightly with protein-tyrosine kinases. In many 
cells these are the most easily detected tyrosine-phos- 
phorylated proteins, but their phosphorylation has not cor- 
related well with cell transformation. Ezrin has structural 
homology with a domain of the red cell actin-binding pro- 
tein band 4.1 that is not part of the actin-binding domain 
(Gould et al., 1989). The effect of activation of protein- 
tyrosine kinases on actin rearrangement Is discussed fur- 
ther below. 

Phosphorylation of the p42 protein has correlated well 
with cell transformation and mitogenesis. This protein ap- 
pears to be a serine/threonine kinase that phosphorylates 
several interesting proteins in vitro, including one of the 
ribosomal S6 kinases and a microtubule-associated pro- 
tein. MAP-2 (Ely et al., 1990; Sturgill et al., 1988). The ac- 
tivity of this enzyme appears to be completely depen- 
dent on phosphorylation at both threonine and tyrosine 
residues (Anderson et al., 1990; Meier et al., 1990). Thus, 
this protein may be in the middle of a kinase cascade that 
begins with activation of plasma membrane protein- 
tyrosine kinases and ends with phosphorylation of the 
ribosomal subunit Sa Phosphorylation of SB occurs in r - 



sponse to a wide variety of growth factors and hormones 
and probably has a regulatory effect on protein synthesis 
(for review see Ballou et al., 1988). 

It is not clear which protein-tyrosine kinase phosphory- 
lates p42 in vivo. In vitro, this protein is not a good sub- 
strate for the Src-type protein kinases or the insulin recep- 
tor. Activation of PKC with phorbol esters can somehow 
stimulate phosphorylation of p42 on tyrosine (Kazlauskas 
and Cooper, 1988). Down-regulation of PKC reduces 
PDGF and EGF induction of p42 phosphorylation. Thus, 
phosphorylation of this protein may be several steps 
downstream of the primary targets of pp60*'*^ and of the 
receptor-type protein-tyrosine kinases. 
Implications of Membrane Localization of pp60^"^ 
and Its Targets 

As discussed above, mutations that prevent amino-ter- 
minal myristoylatlon of pp60^-*'^ and other Src-like on- 
coproteins prevent transformation. This result has been 
interpreted as evidence that a critical substrate of the tyro- 
sine kinase activity is at the plasma membrane. However, 
In view of the model in Figure 3, an alternative hypothesis 
is suggested: pp60<^'*'*^ could act to recruit enzymes to 
critical locations in cell membranes. For example, Ptdlns 
3-kinase phosphorylates membrane lipids and must 
therefore be recruited to the membrane to interact with its 
substrates. Thus, it is possible that Ptdlns 3-kinase and 
other enzyme substrates of pp60^ perform their func- 
tions only while complexed with pp60''^. Mutational stud- 
ies of the c-ab/gene product support this idea (Varticovski 
et al., 1991). Like v-Src mutants, v-Abl mutants lacking the 
ami no-terminal myristoylation sequence fail to transform 
fibroblasts, even though they phosphorylate cellular pro- 
teins on tyrosine. Immunoprecipitates of the mutant Abl 
protein have levels of Ptdlns 3-klnase activity similar to 
those found in Immunoprecipitates of the transforming 
gene product. However, a product of this enzyme, Ptd- 
lns(3.4)P2, is not significantly elevated compared with lev- 
els in the transformed cells. Thus, the failure of the Abl- 
Ptdlns 3-kinase complex to associate with the membrane 
where the substrates of Ptdlns 3-kinase reside may ex- 
plain the reduced level of products and the nontransform- 
ing phenotype. 

A nontransforming mutation (Pro-248-^Leu) of the poly- 
oma middle t gene suggests a more subtle aspect of mem- 
brane localization of the middle t-pp60<=-^''<^ complex nec- 
essary for transformation. This mutant middle t protein 
associates with the membrane, complexes with pp60*=-«^, 
stimulates the pp60<^««^ protein-tyrosine kinase activity, 
becomes phosphorylated on tyrosine, and complexes 
with Ptdlns 3-kinase much like wild-type middle t (Druker 
et al., 1990). However, this mutant failed to cause transfor- 
mation of fibroblasts in culture. Interestingly, the se- 
quence surrounding Pro-248 satisfies the rules for a 
coated vesicle localization signal determined in the low 
density lipoprotein receptor (Chen et al., 1990). This ob- 
servation raises the exciting possibility that the middle 
t-pp60c-««?-Rdlns 3-kinase complex may associate with 
a coated pit or be internalized to produce a transforming 
signal. 
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Growth Factor Recept r Pr t in-iyrosine Kinases: 
PDGF R ceptor as th Pr t typ 

Proteln-tyrostne l<lnases of the receptor family hav a cyto- 
soHc domain with sequence homology to the kinase do- 
main of pp60<=-^'^ but otherwise differ in structure. They 
have an extracellular ligand-binding domain, a single 
transmembrane domain, and lack the SH-2 and SH-3 do- 
mains common to the nonreceptor family. The protein- 
tyrosine kinase activity of these receptors is regulated by 
ligand binding at the extracellular domain (reviewed by 
Ullrich and Schlessinger. 1990; Yarden and Ullrich. 1988). 
The prevailing evidence suggests that ligand binding al- 
lows adjacent cytosolic domains within a receptor dimer 
to cross-phosphorylate each other on tyrosine residues, 
thereby causing a conformational change that enhances 
kinase activity toward other substrates. Oncogenic vari- 
ants of these receptors arise as a result of mutations that 
allow constitutive protein-tyrosine kinase activity in the ab- 
sence of ligand. Activating mutations that have been de- 
scribed for receptor-like kinases Include deletion of large 
portions of the extracellular domain, single amino acid 
substitutions in the transmembrane domain, and muta- 
tions in the cytosolic domain (reviewed in Ullrich and 
Schlessinger, 1990; Yarden and Ullrich, 1988). It appears 
likely that most of these mutations enhance ligand- 
independent dimerization and cross-phosphorylation. 

Alternatively, oncogenesis can occur by simultaneous 
expression of receptors and activating ligands in the same 
cell (autocrine stimulation). The classic example of this 
mechanism is the v-s/s oncogene, which encodes a homo- 
log of the PDGF-B chain and transforms fibroblasts by ac- 
tivating the endogenous PDGF receptor (Waterfield et al., 
1983). Autocrine stimulation is discussed in more detail by 
Cross and Dexter (1991 [this issue of Ceil]). 

POGF-Dependent Recruitment of Cytosolic 
Enzymes to the PDGF Receptor 

The mechanism by which tyrosine kinase-type receptors 
stimulate secondary responses has become clearer in the 
past 2 years. The ligand-stimulated autophosphorylation 
(or cross-phosphorylation) on tyrosine not only enhances 
the tyrosine kinase activity of the receptors but also cre- 
ates binding sites for recruitment of specific enzymes. 
These enzymes then transduce signals to the cell interior 
that cause a variety of responses needed for a cell division 
cycle. The recruitment mechanism appears to utilize the 
SH-2 domain-phosphotyrosine association discussed 
above. Also, not surprisingly, some of the same proteins 
that are targets for the Src-like tyrosine kinases are 
recruited to the receptor-type tyrosine kinases. 

The first evidence for ligand-dependent recruitment of 
enzymes to a tyrosine kinase-type receptor was the dis- 
covery that the Ptdlns 3-kinase (a cytosolic enzyme in 
resting cells) is recruited to the PDGF receptor within less 
than 1 min following stimulation with PDGF (Kaplan et al., 
1987; Whitman et al., 1987). This association was shown 
to require the "kinase-insert" domain (a region of se- 



quence uniqu to the PDGF receptor that lies in the mid- 
dle of the kinase domain; Figure 1) (Coughlin et al., 1989). 
A tyrosine residue in this domain (position 751 of the hu- 
man PDGF 3-receptor) undergoes autophosphorylation in 
response to addition of PDGF, and mutation of this residue 
to a phenylalanine dramatically reduces (but does not 
eliminate) the Ptdlns 3-kinase recruitment (Kazlauskas 
and Cooper, 1989). Kinase-defective forms of the PDGF 
receptor completely fail to associate with Ptdlns 3-klnase 
(Coughlin et al., 1989; Kazlauskas and Cooper, 1989). A 
synthetic peptide based on this region of the PDGF recep- 
tor and containing phosphate at the tyrosine equivalent to 
Tyr-751 blocked association of the PDGF receptor with 
Ptdlns 3-kinase (Escobedo et al.. 1991). The same peptide 
phosphorylated at Tyr-740 also blocked association. The 
unphosphorylated peptide was ineffective. The sequence 
immediately around Tyr-751 of the PDGF receptor has 
similarity with the sequence around Tyr-315 of polyoma 
middle t (the region Implicated in Ptdlns 3-kinase associa- 
tion; see Figure 3). The sequence around Tyr-740 also 
shows homology, and it is likely that the conserved 
residues provide an optimal binding site for an SH-2 do- 
main of the 85 kd subunit of the Ptdlns 3-kinase (see 
model in Figure 4). A possible consensus sequence for 
Ptdlns 3-kinase binding is presented in Figure 5. 

As mentioned above, the PDGF receptor was recently 
shown to undergo ligand-dependent association with ras 
GAP (Kaplan et al.. 1990; Kazlauskas et al., 1990; Molloy 
et al., 1989). The model in Figure 4 suggests that this as- 
sociation also occurs via an SH-2 domain of ras GAP bind- 
ing to a tyrosine-phosphorylated domain of the receptor. 
The domain involved is not completely clear, but phos- 
phorylation of Tyr-751 is not primarily responsible for this 
association (Kazlauskas et al., 1990). 

Ptdlns-specific PLC-y was also shown to undergo 
ligand-dependent association with both EGF and PDGF 
receptors (Margolis et al., 1989; Meisenhelder et al., 1989; 
Morrison et al., 1990; Wahl et al., 1988, 1989). This en- 
zyme also has SH-2 domains (Stahl et al., 1988; Suh et 
al., 1988b) and probably associates by a mechanism simi- 
lar to that proposed for Ptdlns 3-kinase and ras GAP (Fig- 
ure 4). Deletion of the kinase-insert domain or mutation of 
Tyr-751 does not affect Ptdlns-specific PLC-y association 
with the PDGF receptor, indicating that it binds to a do- 
main distinct from that which binds Ptdlns 3-kinase (Cough- 
lin et al., 1989; Kazlauskas and Cooper. 1989; Morrison et 
al., 1990). These results suggest that the SH-2 domains 
of these three targets of the PDGF receptor have preferen- . 
tial affinities for distinct tyrosine-phosphorylated domains 
of the receptor (Figure 4). 

The PDGF receptor also undergoes ligand-dependent 
association with pp74c-'a' (Morrison et al., 1988, 1989). 
This association also appears to require autophosphory- 
lation of the receptor on tyrosine, although additional work 
is necessary to determine the specific domains involved 
in association. Unlike the other three targets, pp74c-^ 
does not have an SH-2 domain. The mechanism of its as- 
sociation Is unknown. 
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Figure 5. A Consensus Sequence for Protein -Tyrosine Kinase Auto- 
phosphorylation Sites That Bind Ptdlns 3-Kinase 
Phosphorytation of Tyr-315 of polyoma middle t and phosphorylation 
of Tyr-751 of the human PDGF 3-receptor have been shown to affect 
association of the respective proteins with the Ptdlns 3-kinase (see 
text). In the mouse PDGF preceptor both Tyr-750 (equivalent to Tyr-751 
of human) and Tyr-739 have been implicated as binding sites for Ptdlns 
3*kinase. Regions with sequence similarity are found in other recep- 
tors known to bind Rdlns 3-kinase (see Table 1). In a few cases these 
sites are known to be phosphorylated in vivo. For the POGF a and p 
receptors. c-Kit. and CSF-1 receptors, the sequences are located In the 
kinase-insert domains. For the Insulin receptor. IGF-1 receptor, and 
c-Met proteirt, the sites are In the cart)oxy-terminal nonkinase domain. 
Consistent with its relatively low affinity for the Ptdlns 3-kinase, the in- 
sulin receptor has a sequence with relatively weak similarity. This site 
is known to be phosphorylated in vivo. A highly conserved region of 
the tyrosine kinase domain (ATSEVYgzeEIMVK in the human PDGF 
P-receptor) has some similarity to the consensus sequence but ap- 
pears not to be involved in PDGF receptor association with Ptdlns 
3-kinase. The only region of the human EGF receptor with significant 
homology to the consensus sequence is CTIDVYgzoMlMVK in the 
conserved tyrosine kinase domain. There are no reports of tyrosine 
phosphorylation in this region of the EGF receptor or PDGF receptor. 



Role of Phosphorylation in Activation of Ptdlns 
3-kinase, ras GAP, Rdlns-Specific 
PLC-Y, and pp74c-«' 

The possibility that association with the PDGF receptor 
alters the activities of these enzymes is under investiga- 
tion. All four of these proteins undergo a change in phos- 
phorylation upon binding to the PDGF receptor. In the 
cases of Ptdlns 3-kinase (Kaplan et al.. 1987), Ptdlns- 
specific PLC-y (Meisenhelder et al.. 1989; Morrison et al., 
1990; Wahl el al.. 1989), and ras GAP (Kaplan et al.. 1990; 
Kazlauskas et al., 1990; Molloy et al., 1989). an increase 



In tyrosine phosphorylation occurs. The pp74c-'s' protein 
is mostly phosphorylated on serine (although some tyro- 
sine phosphorylation may occur in some cells). The 85 kd 
subunit of Ptdlns 3-kinase also appears to undergo an in- 
crease in serine phosphorylation in response to PDGF 
(Kaplan et al., 1987). The highly phosphorylated pp74c-'a/ 
has increased protein-Ser/Thr kinase activity, and in vitro 
phosphorylation of pp74<=-^^ on tyrosine enhances its ser- 
ine kinase activity (Morrison et al., 1988, 1989). A variety 
of stimuli, including insulin (Biackshear et al.. 1990; Kbva- 
cina et al., 1990) and phorbol esters, can cause an In- 
crease in serine phosphorylation of pp74c-ra^. 
• Phosphorylation of Ptdlns-specific PLC-yl on tyrosine 
by the EGF receptor appears to increase its catalytic activ- 
ity. Immunoprecipitates of Rdlns-specific PLC-yl from A-431 
cells can be phosphorylated by purified EGF receptor, and 
this results in a 4-foid increase in catalytic activity (Nishibe 
et al., 1990), Other recent experiments suggest an ad- 
ditional complexity to the mechanism for regulation of 
Ptdlns-specific PLC-y via tyrosine phosphorylation. Puri- 
fied Ptdlns-specific PLCs have relatively high specific 
activities in vitro. However, addition of physiologically rele- 
vant levels of profilin (an actin-binding protein) dramatically 
inhibits the Ptdlns-specific PLC hydrolysis of Ptdlns(4.5)P2 
(Goldschmidt-Clermont et al.. 1990). This inhibition is ap- 
parently due to the ability of profilin to associate tightly 
with PtdIns(4,5)P2. Recently it has been shown that treat- 
ment of purified Ptdlns-specific PLC-y with EGF plus EGF 
receptor plus ATP activates the Ptdlns-specific PLC-y by 
relieving the profilin inhibition (Goldschmidt-Clermont et 
al., J. Cell Biol. 777. abstract 455. 1990). Thus, tyrosine 
phosphorylation of Ptdlns PLC-y may increase its activity 
by increasing its affinity for substrates or by allowing it to 
utilize lipid that is bound to profilin. This result suggests 
a very interesting link between Ptdlns turnover and actin- 
binding proteins. The phosphoinositide/actin-binding pro- 
tein connection is discussed further below. 

Thus far there is no conclusive evidence that phos- 
phorylation on tyrosine changes the activity of Ptdlns 
3-kinase or ras GAP. Notably, Ptdlns 3-kinase, Ptdlns- 
specific PLC-y, and ras GAP all have substrates that re- 
side at the plasma membrane. Conceivably, recruitment 
to the membrane alone could contribute to activation of 
these enzymes. The PDGF receptor could merely bring 
these enzymes to the proper location for substrate utiliza- 
tion without dramatically affecting the intrinsic enzymatic 
activity. However, in view of the evidence for stoichiomet- 
ric phosphorylation of the receptor-bound forms of these 
proteins, it is likely that tyrosine phosphorylation is impor- 
tant for activity. 

Targets off Other Receptor-iype Protetn-iyrosine 
Kinases 

Other receptor-type protein tyrosine kinases that have 
been investigated associate with a subgroup of the en- 
zymes that bind to the PDGF receptor (Table 1). Interest- 
ingly, none of the other receptors thus far investigated ap- 
pear to associate with all four of the enzymes discussed 
above— at least, not as efficiently as does the PDGF 
receptor. In addition, each of the receptors investigated 
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appears to have specificity for a distinct subgroup of these 
four targets. 

The CSF-1 r ceptor {c-fms product) associates with 
Ptdtns 3-kinase (Varticovski et al.. 1989) and ras GAP 
(Re dijk et al., 1990) but appears not to associate with 
Ptd Ins-specific PLC-y- A consensus sequence for binding 
Ptdlns 3-kinase is found in the kinase-insert domain of 
c-Fms (Figure 5), but this site has not been shown to be 
phosphorylated. Deletion of the kinase-insert domain re- 
duced (but did not eliminate) Ptdlns 3-kinase association 
(Reedijk et al.. 1990; Shurtleff et al.. 1990). The kinase- 
insert deletion mutant was impaired in stimulation of 
growth In some cells but not others (Reedijk et al., 1990; 
Shurtleff et al., 1990). The question of pp74«^-^^ associa- 
tion with the c-Fms protein is being investigated, but trans- 
formation with w-fms alters the phosphorylation state of 
pp74c^ (Morrison et al., 1988). 

As discussed above, the EGF receptor appears to as-" 
sociate with Ptdlns 3-kinase in some cells (Bjorge et al., 
1990). The ability of EGF to activate Ptdlns-specific PLC-y 
requires that a relatively large number of receptors be 
present (Margolis et al., 1989; Wahl et al., 1988). Some of 
the diversity in EGF responses in different cells might be 
explained by the recent finding that EGF induces forma- 
tion of a heterodimer of the EGF receptor (c-ErbB) and the 
c-ErbB2 protein in cells that express both proteins (Wada 
et al., 1990). Thus, it is likely that the EGF receptor-ErbB2 
complex stimulates different responses than does the 
EGF receptor homodlmer (Di Fiore et al., 1990). In any 
event, the PDGF receptor appears to have a consistently 
greater effect on Ptdlns 3-kinase than does the EGF 
receptor (Kaplan et al., 1987). Consistent with this finding, 
the EGF receptor does not have a good consensus se- 
quence for Ptdlns 3-kinase binding (Figure 5). The EGF 
receptor also associates with ras GAP (Ellis et al., 1990). 
In addition, Ptdlns(4)P 5-kinase and Ptdlns 4-kinase (en- 
zymes in the canonical Ptdlns turnover pathway) associ- 
ate with the EGF receptor (Cochet et a!., 1991). Thus, in 
normal tissues this receptor probably stimulates ras GAP, 
Ptdlns 4-kinase, Ptdlns(4)P 5-kinase. and in some in- 
stances Ptdlns-specific PLC-y and Ptdlns 3-kinase. The 
consequence is likely to be very different from PDGF stim- 
ulation. 

The discovery that the insulin receptor associates with 
the Ptdlns 3-ktnase and activates production of the D-3 
phosphoinositides provides the first evidence for a direct 
target of this receptor that causes a physiological re- 
sponse. Insulin induces a variety of cellular responses, in- 
cluding changes in tyrosine phosphorylation of several 
proteins. However, until recently it has been difficult to de- 
termine the function of these proteins or to prove that they 
are direct substrates of the insulin receptor. A fraction of 
the cellular Ptdlns 3-kinase coiminunoprecipitates with 
the activated insulin receptor, providing strong evidence 
for a direct effect on this enzyme (Ruderman et al., 1990). 
However, most of the anti-phosphotyrosine antibody 
precipitated Ptdlns 3-kinase from Insulin-stimulated cells 
is not associated with the insulin receptor (Endemann et 
al.. 1990; Ruderman et al., 1990). Thus, unlike the PDGF 
receptor, which appears to retain most of the tyrosine- 



phosphorylated Ptdlns 3-kinase. the insulin receptor 
releases this enzyme more readily. The insulin receptor 
appears not to associate with or phosphoryiate Ptdlns- 
specific PLC-Y. but it does cause activation of pp74*^-^, 
apparently by causing an tncreas in serine phosphoryla- 
tion (Blackshear et al., 1990; Kovacina et al., 1990). No ef- 
fect of insulin receptor on ras GAP has thus far b en 
reported. Thus, the insulin receptor activates Ptdlns 3-ki- 
nase and pp74<^'^ but apparently does not affect Ptdlns- 
specific PLC-Y. 

AM the other receptor-type tyrosine kinases that hav 
been investigated appear to associate with Ptdlns 3-ki- 
nase when activated (Table 1). These include insulin-like 
growth factor 1 (IGF-1) receptor, pp190<^-'"®^ ppess^s-ros^ 
and pp145^•^'^ Further work is needed to determine which 
other proteins associate with these activated protein- 
tyrosine kinases. 

The Role of Primary Targets of Growth Factor 
Receptor Tyrosine Kinases in the 
Growth Response 

The pattern emerging in Table 1 suggests a possible ex- 
planation for the necessity of multiple growth factors for 
optimal cell division. Of the receptors listed, only the 
PDGF receptor appears to be capable of mediating 
ligand-stimulated cell division in normal tissues in the ab- 
sence of other growth factors. Signaling by PDGF is com- 
plicated by the existence of three forms of PDGF (BB, AA, 
and AB) and three types of PDGF receptor dimers (aa-, 
PP, and aP), each of which appears to provide distinct sig- 
nals to the cell (Heldin and Westermark, 1990). The 3P- 
type receptor was the focus of most of the studies dis- 
cussed above. Significantly, the PDGF receptor is th only 
receptor listed in Table 1 that is known to associate tightly 
with all four of the targets discussed above. Other growth 
factors can enhance the mitogenic effects of PDGF, sug- 
gesting that there are other Important targets that PDGF 
fails to activate. Alternatively, one could argue that the in- 
efficiency of PDGF as a mitogen acting alone is due to 
PDGF receptor down-regulation. The ability of v-s/s (which 
encodes a homolog of PDGF BB) and the cellular gene 
encoding PDGF BB (Beckmann et al., 1988) to transform 
cells supports the idea that the PDGF receptor trigg rs 
the critical events for cell growth. 

Thus, one could argue that turning on any combination 
of receptors that activate the same targets as the PDGF 
receptor should produce a mitogenic response. Insulin (or 
IGF-1) in combination with EGF should turn on the same 
pathways as PDGF (provided the receptors are in suffi- 
cient abundance in the cell; see Table 1). The predictive 
nature of this model is complicated by the possibility that 
one or more of the targets in Table 1 is spontaneously acti- 
vated in a particular tissue or cell line, thereby rend ring 
that cell line responsive to a single mitogen that activates 
the remaining targets. It is also likely that other targets of 
protein-tyrosine kinases critical for cell division are yet to 
be described. 

N c ssity, Suffici ncy, and Redundancy 

The discussion above implies that no single target of 

the protein-tyrosine kinases is suffici nt to mediate c II 
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growth or transformation. Mutational studies of th PDGF 
and CSF-1 receptors support this idea. The kinase-insert 
deletion, discussed above, eliminates association with 
Ptdlns 3-kinase and renders the PDGF receptor incompe- 
tent for stimulation of DNA synthesis but does not affect 
stimulation of Ptdlns turnover (Coughlin et al.. 1989). A 
similar deletion of the kinase-insert of the CSF-1 receptor 
significantly reduces (but does not eliminate) the Ptdlns 
3-kinase association (Reedijk et al.. 1990; Shurtleff et al.. 
1990) but does not affect association with or phosphoryla- 
tion of ras GAP (Reedijk et al., 1990). This mutant receptor 
is still capable of conferring CSF-l-dependent transforma- 
tion on certain cells but is defective in transforming other 
c lis (Reedijk et al.. 1990; Shurtleff et al.. 1990). These 
results are similar to results with the Tyr-3l5-*Phe mutant 
of polyoma middle t (discussed above), which has dramat- 
ically reduced association with Ptdlns 3-kinase and is 
defective in transforming some cells but not others. 

On the other hand, there is evidence that activation of 
Ptdlns 3-kinase alone is also insufficient to stimulate cell 
growth or transformation. The Pro-248-Leu mutant of 
polyoma middle t associates with Ptdlns 3.kinase but fails 
to transform cells (Druker et al.. 1990) as discussed above. 
Also insulin alone activates the Ptdlns 3-kinase. but a 
second mitogen is usually required to stimulate cell 
growth (Endemann et al.. 1990; Ruderman et al.. 1990). 
A mutation at Tyr-809 of the CSF-1 receptor blocks trans- 
formation without affecting Ptdlns 3-kinase association 
(Roussei et al., 1990). Similarly, various agents that stimu- 
late the canonical Ptdlns turnover pathway fail to stimulate 
growth when added alone to quiescent cells (for review 
see Whitman and Cantley. 1988). Also, insulin alone acti- 
vates pp74<^-^ without causing a mitogenic response, in- 
dicating that this activation alone is insufficient to cause 
cell growth (Blackshearetal.. 1990; Kovacinaetal.. 1990). 
Further work is needed to determine whether tyrosine 
phosphorylation of ras GAP is sufficient to cause growth 
or transformation. 

One problem with this simple-minded approach to the 
sufficiency of a pathway for stimulation of cell growth is 
that the magnitude and duration of a particular response 
ar certain to be critical for cell division. For example. 
PDGF must be continuously present for at least 1 hr be- 
fore fibroblasts are competent to proliferate in response to 
a second growth factor. Some of the PDGF responses 
(e.g.. Ptdlns 3-kinase activation; Auger et al.. 1989b) are re- 
tained throughout this period, and other responses (e.g., 
conversion of phosphatidylcholine to diacylglycerol; Lar- 
rodera et al.. 1990) require at least this long to occur. Thus, 
the failure of insulin alone to act as a mitogen could be due 
to a relatively weak or transient activation of -Ptdlns 3-ki- 
nase and/or pp74c-'a'. Microinjection of a mutant form of 
c-Raf-1 causes DNA synthesis and cell transformation, in- 
dicating that this pathway alone, if sufficiently activated, 
accomplishes cell transformation (Smith et al., 1990). 
Similarly, although activation of Ptdlns-specific PLC by 
growth factors appears to be neither necessary (see be- 
low) nor sufficient for a growth response, microinjection 
of large amounts of Ptdlns-specific PLC into fibroblasts 
caused a transformed phenotype (Smith et al.. 1989). 



Another problem in ascertaining the importance of a 
particular signaling pathway is redundancy: multiple path- 
ways for activating the same cellular event. For example, 
transcription of the proto-oncogenes c-fos and c-myc can 
be induced by activators of protein kinase C (PKC); how- 
ever, these same messages can b. induced by PKC- 
independent pathways (Berkowitz et al.. 1989; Coughlin et 
al., 1985; Fisch et al.. 1989; Fukumoto et al.. 1990; Gil- 
man. 1988; Kaibuchi et al., 1989; Mehmet et al., 1990; Ria- 
bowol et al.. 1988; Stumpo et al.. 1988). Down-regulation 
of PKC does not prevent induction of c-myc by PDGF or 
of c-fos by insulin (Coughlin et al.. 1985; Stumpo et al.. 
1988). Similarly, phosphorylation of the ribosomal protein 
SB occurs by both PKC-dependent and PKC-independent 
pathways (Susa et al.. 1989). Thus, although activation of 
pathways that turn on PKC can cause these responses, 
many receptors accomplish the same events without acti- 
vation of PKC. Tyrosine kinase-type growth factor recep- 
tors use both PKC-dependent and PKC-independent 
pathways to induce c-myc and c-fos mRNA and S6 phos- 
phorylation. 

Because of the redundancy discussed above, it is possi- 
ble for a pathway to be sufficient for a cellular response 
without being necessary. Thus, although the Ptdlns turh- 
over-PKC pathway contributes to PDGF responses, there 
is evidence that inhibition of PDGF stimulation of Ptdlns- 
specific PLC does not affect PDGF-stimulated DNA syn- 
thesis (Hill et al., 1990). This might partly be explained by 
the ability of PDGF to produce diacylglycerol by activa- 
tion of phosphatidylcholine breakdown (Larrodera et al., 
1990). The question of whether the other known targets of 
the PDGF receptor (Rdlns 3-kinase, ras GAR and pp74c-^) 
are each absolutely necessary for the mitogenic response 
cannot yet be definitively answered. Thus far, mutants of 
the PDGF receptor (Coughlin etal., 1989). CSF-1 receptor 
(Reedijk et aL. 1990; Shurtleff et al.. 1990). and insulin 
receptor (Kapeller et al., submitted) that have reduced as- 
sociation with Ptdlns 3-klnase were found to be at least 
partially defective in their mitogenic response, implying 
that activation of this enzyme is necessary for DNA syn- 
thesis. As discussed above, all mutants of polyoma middle 
t, pp60^ «^, and ppieo^'*^-*^' that failed to associate with 
Ptdlns 3-kinase were transformation defective, again ar- 
guing for the necessity of this response. Of course, these 
correlations do not prove necessity, since the mutations 
could also affect association with other targets. Further 
work is necessary to establish whether association of the 
PDGF receptor with ras GAP and pp74<=-^«' is necessary 
for the mitogenic response. 

Secondary Resportses: Can All Cellular Responses 
to PDGF Be Explained by Four Targets? 

A cascade of events likely to occur when a growth factor 
such as PDGF stimulates a cell is presented in Figure 6. 
It appears that many of the cellular responses known to 
occur can be explained as secondary responses to activa- 
tion of Ptdlns 3-kinase, Ptdlns-specific PLC-y, pp7A^, 
and ras GAR For example, c-Raf-1 enhances c-fos tran- 
scription by a PKC-independent pathway (Jamal and Ziff, 
1990; Kaibuchi et al., 1989). so activation of pp74c-«' 
might explain the PKC-indep ndent pathway for c-fos in- 
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duction by PDGF, insulin, etc. Whether this is due to a di- 
rect phosphorylation of a component of the serum re- 
sponse factor remains to be seen. The increase in c-Fbs 
protein could then produce a Jun-Fos complex (AP-1) 
capable of activating transcription of a variety of genes 
(reviewed by Curran and Franza, 1988). It is likely that 
other transcriptional cascades besides this one are trig- 
gered by Raf and are essential for growth. For a review of 
PDGF and serum-Induced transcriptional cascades, see 
Bravo (1990). 

Activation of Ptdlns-specific PLC-y would stimulate the 
canonical Ptdlns turnover pathway, leading to elevation of 
cytosolfc calcium and activation of PKC (reviewed by Whit- 
man and Cantley, 1988). This pathway is known to activate 
a multitude of cellular events including changes in cyto- 
solic pH, potassium level, and transcription of certain 
genes. One substrate of PKC is the inhibitory subunit (IkB) 
of NF-kB, phosphorylation of which releases NF-kB and 
allows migration to the nucleus (Figure 6) (Ghosh and Bal- 
timore, 1990). NF-kB (the DNA-binding subunit of which 
Is a member of the c-re/ family: Ghosh et al., 1990; Kieran 
et aL, 1990) binds to an element that controls expression 
of several genes in lymphocytes and other cells, including 
the K light chain of immunoglobulin, IL-2, IL-2 receptor, 



and 3-interferon (reviewed in Lenardo and Baltimore, 
1989). This is the first evidence of a direct mechanism for 
activation of transcription by PKC. Interestingly, the mRNAs 
of different members of the rel family can be induced by 
phorbol ester (apparently via activation of PKC; Bours et 
al., 1990; Bull et al., 1989). Activation of PKC also induces 
dephosphorylation of a critical threonine residue in the 
c-Jun protein that allows c-Jun to associate with the TPA 
response element (Boyle et al., 1991) and thereby ac- 
tivate transcription (Figure 6). The mechanism by which 
PKC causes dephosphorylation of c-Jun Is unknown and 
could be very indirect. 

Recently, a very exciting connection was made betw en 
PKC and p21°-'8«. Downward et al. (1990) showed that ac- 
tivation of the T cell antigen receptor results in conversion 
of p21c-«« from the predominantly GDP-bound state to the 
GTP-bound state. The mechanism by which the T cell 
receptor accomplishes this activation Is not completely 
clear, but PKC and ra$ GAP are involved, ras GAP from 
phorbol ester- or T antigen-stimulated cells had a re- 
duced ability to stimulate GTP to GDP conversion on 
p2ic-ras^ indicating that PKC activates Ras by preventing 
ras GAP from turning it off (Downward et al., 1990). How- 
ever, PKC did not appear to phosphorylate ras GAP 
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directly. This discovery provides the first clear evidence 
for an activating pathway for q21^-^^ and argues that PKC 
functions upstream of Ras— at 1 ast In lymphocytes. In fi- 
broblasts, the effects of phorbol esters or growth factors 
on the fraction of p21<=-'®* in the GTP-bound state are sub- 
tle: PDQF causes a very small but detectable increase in 
GTP p21<=-^« (Satoh et al.. 1990). However, there is evi- 
dence that PKC acts upstream of p21^-^^ in fibroblasts as 
well (Yu et al., 1988). It is possible that in fibroblasts Ras 
is activated by a recently discovered protein that stimu- 
lates GTP for GDP exchange (Wolfman and Macara, 
1990). 

The events triggered by activation of Ptdlns 3-kinase are 
unknown. This enzyme converts the three phosphoinosi- 
tides of the canonical Ptdlns pathway (Ptdlns, Ptdlns{4)R 
and PtdIns(4,5)P2) to Ptd!ns(3)P, Ptdlns(3,4)P2, and Ptd- 
lns(3,4,5)P3, respectively (reviewed by Carpenter and 
Cantley, 1990). The latter two lipids are undetectable in 
quiescent cells and appear in response to PDGF addition 
with a time course consistent with the recruitment of 
Rdlns 3-kinase to the PDGF receptor (Auger et al., 1989b). 
The time course for appearance and degradation of these 
lipids is consistent with them acting as second messen- 
gers rather than being precursors of a second messenger 
(although it Is possible that they are both messengers and 
precursors of other messengers; see below). It is likely 
that PtdIns(3,4)P2 and Ptdlns(3,4,5)P3 provide distinct sig- 
nals to the cell interior since in smooth muscle and fibro- 
blasts they appear to be made in parallel rather than 
as intermediates in a single pathway Although the puri- 
fied Ptdlns 3-kinase efficiently converts Ptdlns{4)P to 
Ptdlns(3,4)P2, in platelets a distinct pathway exists for 
synthesis of Ptdins(3,4)P2: thrombin stimulates a recently 
discovered Ptdlns(3)P 4-kinase that phosphorylates 
Ptdlns(3)P at the 4 position (Yamamoto et al., 1991), Acti- 
vation of this pathway results in a large production of 
Ptdlns(3,4)P2 but very little Ptdlns(3.4,5)P3. In smooth 
muscle and fibroblasts, where the Ptdlns(3)P 4-kinase is 
undetectable. Ptdlns(3,4)P2 and Ptdlns(3,4,5)P3 are pro- 
duced in similar quantities in response to activation by 
PDGF, presumably by direct action of the Ptdlns 3-kinase 
(Auger et al., 1989b)- Thus, the levels of these two putative 
messengers can be independently controlled. 

The phosphoinositides that are phosphorylated at the 3 
position are not substrates for any of the known Ptdlns- 
specific PLCs (Lips et al., 1989; Serunian et al., 1989), in- 
dicating that they are not converted to inositol poly- 
phosphates In response to activators of the canonical 
pathway. One interesting possibility is that they are sub- 
strates for a phospholipase D. Hydrolysis of Ptdlns(3,4,5)P3 
by a phospholipase D would produce inositol 3,4,5-tris- 
phosphate, which could be converted to inositol 3,4,5,6- 
tetrakisphosphate. The level of an IP4 of this apparent 
structure is elevated in v-src-transformed cells (Johnson et 
al., 1989). Inositol 3,4,5,6-tetrakisphosphate is thought to 
be an intermediate in synthesis of IP5 and IPs (Stephens 
and Downes, 1990; Stephens and Irvine, 1990). Phos- 
pholipase D attack on Ptdlns(3,4)P2 would produce inosi- 
tol 3,4-bisphosphate, which was recently found to be ele- 



vated in polyoma middle t-transformed cells (Ulug et al., 
1990). 

One attractive possibility is that the polyphosphoinosi- 
tides phosphorylated at the 3 position regulate actin fila- 
ment rearrangements, as has been proposed for the ca- 
nonical phosphoinositides. Actin filament rearrangement 
is a hallmark of growth factor stimulation and transforma- 
tion and is probably at least partially responsible for mem- 
brane ruffling phenomena and cell rounding (Severinsson 
et al., 1990). In vitro, PtdIns(4,5)P2 dissociates gelsolin 
from actin filaments (Janmey and Stossel, 1989) and dis- 
sociates profiiin from actin monomers (Lassrng and Lind- 
berg. 1985). In fact, much of the Ptdlns(4,5)P2 in cells 
may be bound to profiiin (Goldschmldt-Clermont et al.. 
1990). Other actin-binding proteins such as myosin type 
I (Adams and Pollard, 1989) and the glycophorin-band 4.1 
complex (Anderson and Marchesi, 1985) also associate 
with Ptdlns(4,5)P2. In addition, casein kinase (type 1) 
tightly associates with this complex and is inhibited by the 
Ptdlns(4.5)P2 (Bazenet et al., 1990). 

One problem with the model of Ptdlns(4.5)P2 acting as 
a regulator Is that its total concentration in cells usually 
changes less than 2-fold in response to hormones or 
growth factors; however, large local changes are likely and 
can rescue the model. On the other hand, the total con- 
centrations of Ptdlns(3,4)P2 and Ptdlns(3,4,5)P3 change 
dramatically upon cell stimulation since these lipids are 
nominally absent in quiescent cells. The possibility that 
these lipids affect actin-binding proteins is under investi- 
gation. Since they are far less abundant than Ptdlns(4,5)P2, 
their cellular receptors must have very high affinity and 
specificity in binding. Although there is no convincing evi- 
dence thus far that the Ptdlns 3-kinase affects cell mor- 
phology, it is interesting that a kinase-insert deletion mu- 
tant of the PDGF receptor (which should lack Ptdlns 
3-kinase association; Coughlin et al., 1989) stiil stimulates 
c-fos expression but fails to stimulate actin rearrangement 
(Severinsson et al., 1990). 

The relevance of recruitment and tyrosine phosphoryla- 
tion of ras GAP is unclear. One possibility is that this 
modification activates the Ras pathway by blocking the 
ability of ras GAP to down-regulate Ras, analogous to the 
PKC effect discussed above. This model is supported by 
recent evidence that In stimulated cells much of the ras 
GAP is associated with the p190 protein (discussed' 
above) and that this complex is relatively ineffective at 
stimulating Ras GTPase activity (Polakis et al., 1990). An- 
other exciting possibility Is that association of ras GAP 
with p62 (discussed above) produces a complex that 
transduces the Ras response. In this model, phosphoryla- 
tion of ras GAP on tyrosine* results In complex formation, 
and interaction of this complex with p21'®« at the plasma 
membrane propagates a mitogenic signal. The excess un- 
phosphorylated ras GAP in the cell would terminate the 
signal by competing for binding to the effector site of 
q2V^^. This model confounds the controversy as to 
whether ras GAP Is an effector or inhibitor of Ras action 
by proposing that it is both (Zhang t al., 1990a). The 
weakness in this mode! is that ras GAP association with 
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p62 or pl90 has not yet been reported in v-ras-trans- 
formed cells. 

The characterization of ras GAP-like genes in Saccha- 
romyces cerevisiae {RA1 and IRA2) (reviewed in Wig- 
ler. 1990) along with the exciting discovery that the human 
neurofibromatosis gene is a ras GAP homolog (Xu et al., 
1990) has provided evidence that some proteins in the 
GAP family are growth suppressors. Deletion of the yeast 
/RA genes causes a phenotype similar to that observed 
when transforming ras gejnes are introduced, arguing 
quite convincingly that iRA is an inhibitor rather than an 
effector of ras In S. cerevisiae. Likewise, since homozy- 
gous mutations/deletions in the neurofibromatosis gene 
result in enhanced growth of Schwann cells, It appears 
that this protein serves to suppress growth. Whether it 
does so by interacting with p2^^^ remains to be seen. In- 
terestingly, the homology between the neurofibromatosis 
gene product and ras GAP is confined to a smaller region 
of the total protein than is the homology between the neu- 
rofibromatosis gene product and yeast IRA proteins. Sig- 
nificantly, neither the neurofibromatosis gene product 
(that fraction which has thus far been sequenced) nor IRA 
has a consensus SH-2 domain. If the SH-2 domain con- 
fers the associations necessary for signaling, as sug- 
gested in the model above, then one would not expect 
these proteins to be effectors. 

The ability of krev-1 (also called rap-IA) to reverse v-/as 
transformation has further complicated the question of the 
role of ras GAR The krev-1 gene product is quite homolo- 
gous to p21'»« and binds more tightly to ras GAP than 
does p21'««. But ras GAP does not stimulate the GTPase 
activity of Krev-1: a distinct GAP does this (Quilliam et al„ 
1990). One could argue that p21*™'^' reverses transfor- 
mation by competing with p2V^^ for its effector and keep- 
ing the effector in an inactive state. This would support the 
model of a GAP complex being the effector. Alternatively, 
p2i*rev-/ and p2ira« could compete for binding to another 
target yet to be identified. Only a small cluster of amino 
acids near the previously identified effector domain ac- 
count for the opposing effects of p21'f'»^' and p21'» in 
transformation (Zhang et al., 1990b), A point mutation in 
Ras not far from this cluster (Asn-17) stabilizes the GDP- 
bound state and dominantly suppresses c-ras transforma- 
tion by an unknown mechanism (Feig and Cooper, 1988). 
Thus far the only good evidence that ras GAP has an ef- 
fect other than turning off Ras is the ability of exogenously 
added ras GAP to block a muscarinic receptor-regulated 
potassium channel (Yatani et al., 1990). 

Attempts to understand the mechanism of transforma- 
tion by ras have been hampered by the failure to ascertain 
the function of the Ras effector. In S. cerevisiae a protein 
called cyclase-associated protein (CAP) has been impli- 
cated in modulating the Ras activation of adenylate cyclase 
(Wigler, 1990). However, Ras does not activate adenylate 
cyclase in mammalian cells. A number of physiological re- 
sponses to Ras activation have been observed, including 
membrane ruffling (Bar-Sagi. and Feramisco, 1985), In- 
creased levels of diacylglycerol (Fleischman et al., 1986), 
induction of c-fos mRNA (Stacey et al., 1987). and in- 



creased activity of phospholipase Ag (Bar-Sagi and F. 
amisco. 1985; Bar-Sagi et al.. 1988). 86 kinase (Barrett 
al.. 1990). and p34<=*2 serine kinase (Barrett et al., 199( 
The increase in diacylglycerol appears to result from ac 
vation of phosphatidylcholine breakdown (Lacal et a 
1987b; Lopez-Barahona et al., 1990). Some but not all 
the Ras effects appear to involve activation of PK 
(Fukumolo et al., 1990; Gauthier-Rouvi6re et al., 1990; L 
cal et al., 1987a; Wolfman and Macara. 1987). Thus, PK 
may act both upstream (Downward et al., 1990) and dow. 
stream of Ras. Without knowing the function of the Rc 
effector, it is not possible to determine how distal thes 
physiological responses are to the primary actions of Ra 
A possible clue to the function of Ras in mammalia 
cells may come from the study of other low molecuU 
weight GTP-binding proteins that are structurally related t 
Ras (for review see Hall. 1990). Many of these protein 
have been implicated in the formation, movement and ft 
sion of intracellular vesicles. The rho gene product ap 
pears to be involved in actin filament rearrangemer 
(Chardin et al., 1989; Peterson et al., 1990). These fine 
ings suggest that proteins in the Ras family may also pla 
a general role in controlling movement of proteins withif 
the cell. 

A completely novel model for the function of Ras is sug 
gested by these studies. The p2V^^ protein, through inter 
action with its effector, could control assembly of a clas; 
of cell surface receptors at specific sites in the plasm? 
membrane. The mechanism by which this could occur 'm 
unknown, but it would likely involve actin filament rear 
rangement. Thus, in nontransformed cells, growth factoi 
binding to receptor would activate p21 which woulc 
then trigger actin filament rearrangement resulting in 
receptor patching and eventually internalization. However 
in v-ras-transformed cells, receptor patching would be 
triggered in the absence of growth factor because of the 
constitutive activity of the p21 "-^^ protein. Since tyrosine 
kinase-type receptors appear to be activated by oligomer- 
ization and cross-phosphorylation (see above), the patch- 
ing of these receptors would result in growth factor-inde- 
pendent activation. In this model, v-Ras would have a very 
general effect on the cell by making whatever receptors 
are already present on the cell surface spontaneously ac- 
tive. Consistent with this model, in B lymphocytes 
copatches at the plasma membrane with surface immu- 
noglobulins, and the patching is blocked by metabolic 
inhibitors and the inhibitor of actin polymerization, cyto- 
chalasin D (Graziadei et al., 1990). Also consistent with 
the model is the finding of increased tyrosine phosphory- 
lation of proteins in ras-transformed cells, analogous to 
that found with persistent activation by growth factors (Cu- 
adrado. 1990). The requirement that Ras be located at the 
membrane (via isoprenylation) In order to transform is 
consistent with this model. One interesting prediction of 
this model is that c-Ras acts downstream of growth factor 
receptors while v-Ras acts upstream. Thus far ther is 
very little evidence for this model; however, it could ex- 
plain the dramatic and pleiotropic cellular responses to 
Ras. 
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G Protein Oncogenes 

Although many protein-tyrosine kinase are thought to 
propagate mitogenic and transforming signals by path- 
ways that do not involve the classic G proteins, there is 
now evidence that, in som tissues, activating mutations 
of G proteins can cause cell transformation. The first evi- 
dence of this was the discovery of mutations in the a 
subunit of Gs in a pituitary tumor (Landis et al., 1989). 
The mutations were in a region of the protein involved in.. 
GTP hydrolysis. By inhibiting GTP hydrolysis, the protein 
apparently remains associated with adenylate cyclase for 
a longer period of time and thereby increases cAMP lev- 
els. Although cAMP is growth Inhibitory in many cells, it 
has a mitogenic effect in growth hormone-secreting pitu- 
itary tissue. A systematic search of various human tumors 
for other mutations in the a chain of G proteins that would 
inhibit GTPase activity revealed an interesting group of 
mutants (Lyons et al., 1990). Most tumors investigated did 
not have mutations in either as or ai2. However, 18 out of 
42 pituitary adenomas had mutations in the GTPase- 
inhibiting domain of as- In addition, three out of ten ovar- 
ian sex cord stromal tumors and three out of eleven adre- 
nal cortical tumors had mutations in a\2. Mutations that 
decrease the GTPase activity of are likely to decrease 
rather than increase cAMP levels. Also, aiz transduces 
other signals independent of the decrease in cAMR The 
fact that the Gg and G}2 mutations in human tumors are 
very restricted and nonoverlapping argues that these G 
proteins do not play a general role in transducing mito- 
genic signals but rather play specific roles in these tissues. 

Conclusion 

Despite the major advances that have been made in the 
past few years in understanding oncogene signaling, no 
clear picture has yet emerged for the biochemical mecha- 
nism of transformation. The implication of this review Is 
that mammalian cell growth and transformation are con- 
trolled by a very complex set of events with a certain 
amount of redundancy. The recent discovery that some of 
the critical genes for regulation of the cell cycle have been 
functionally conserved from yeast to man raises hope that 
the basic features of cell growth control in mammalian 
cells will also be conserved throughout the eukaryotic 
kingdom. If so. then it should be possible to sort out the 
pathways that are central to cell growth control in all sys- 
tems from those that are peripheral or tissue specific. 
Given the number of new signaling pathways that have 
been discovered in the past decade, it would be naive to 
assume that all the critical second messengers for growth 
control have already been discovered. 

Perhaps the most useful new concept to emerge is that 
protein-tyrosine phosphorylation can in some instances 
create specific binding sites for proteins containing SH-2 
domains and thereby regulate protein associations within 
the cell (Figures 2-4). Intramolecular interactions be- 
tween phosphotyrosine and SH-2 domains may also regu- 
late enzymatic activities (Figure 2). Since these Interac- 
tions apparently require only short stretches of amino 



acids, it should be possible to predict which tyrosine- 
phosphorytated protein will associate with which SH-2- 
containing protein. These sequences might also b useful 
targets for drug intervention. Conceivably, if peptide ana- 
logs capable of int racting with specific SH-2 domains 
could be introduced into cells, they would provide inhibi- 
tion of specific cellular responses. This is likely to be an 
area of active research over the next few years. 
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Genistein, Daidzein, and Their /J-Glycoside Conjugates: Antitumor 
Isoflavones in Soybean Foods from American and Asian Diets^ 

Lori Coward,^ Neil C. Barnes,? Kenneth D. R. Setchell,H and Stephen Barnes'-^'-^'* 

Departments of Pharmacology and Biochemistry and Comprehensive Cancer Center, 
University of Alabama at Birmingham, Birmingham, Alabama 35294, 
The Resource Learning Center, Shades Valley High School, Birmingham, Alabama 35209, 
and Mass Spectrometry Laboratory, Children's Hospital Medical Center, Cincinnati, Ohio 45229 

A method is described for the separation and analysis of isoflavone /3-glycoside conjugates and aglucones 
in various foods derived from soybeans. After initial extraction using 80% aqueous methanol and 
defatting of the extract with hexane, the isoflavones were analyzed by gradient elution reversed-phase 
high-pressure liquid chromatography. Their structures were confirmed by fast atom bombardment 
ionization mass spectrometry and by proton nuclear magnetic resonance spectroscopy. The results 
reveal that most Asian and American soy products, with the exception of soy sauce, alcohol-extracted 
soy protein concentrate, and soy protein isolate, have total isoflavone concentrations similar to those 
in the intact soybean. Asian fermented soy foods contain predominantly isoflavone aglucones, whereas 
in nonfermented soy foods of both American and Asian origin isoflavones are present mainly as ^-glycoside 
conjugates. Since the much larger estimated daily intake of these isoflavones by Asians compared to 
Americans is similar on a body weight basis to the isoflavones in soybean-containing diets which inhibit 
mammary tumorigenesis in animal models of breast cancer, it is possible that dietary isoflavones are 
an important factor accounting for the lower incidence and mortality from breast cancer in Asian 
women. 



INTRODUCTION 

The concept of reducing cancer risk by chemoprevention 
has become an important aspect of current cancer research 
(Boone et aL, 1990). The anti-estrogen, tamoxifen, 
introduced to therapeutically prevent the metastatic 
growth of breast cancer, is being studied as a possible 
chemopreventive agent for breast cancer (Powles et aL, 
1989; Love, 1991). Compounds in the diet that have 
properties similar to, or are antagonists of, the physiologic 
estrogens may also have a role in reducing cancer risk. 
Two of these so-called phytoestrogens, lignans and isofla- 
vones, have been suggested to play a role in the prevention 
of estrogen-dependent breast cancer (Setchell et at,, 1984; 
Barnes et al.y 1990; Adlercreutz et aL, 1991) and of colon 
cancer (Setchell et al., 1981). This hypothesis has been 
supported by our sul5sequent data showing that soy, 
specifically containing isofiavones, inhibits tiunor numbers 
in classical animal models of breast cancer (Barnes et a/., 
1990, 1993). Furthermore, we have recently shown that 
two isoflavones, genistein (5,7,4'-trihydroxyisoflavone) and 
daidzein (7,4'-dihydroxyisoflavone), inhibit the growth of 
^uman breast cancer (Peterson and Barnes, 1991) and 
prostate cancer (Peterson and Barnes, 1993) cell lines in 
culture, but by mechanisms independent of inhibition of 
the binding of steroids to their receptors. 
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Although flavonoids are found in plants, vegetables, and 
flowers in a bewildering display of biosynthetic prowess, 
isoflavones such as genistein and daidzein are found in 
just a few botanical families. This is because of the limited 
distribution of the enzyme chalcone isomerase [which 
converts 2(/?)-naringinen, a fiavone precursor, into 2-hy- 
droxydaidzein] largely to tropical legumes. As a result, 
isoflavones are a very minor part of the modern American 
(M. Messina, unpublished data) or British diets (Jones et 
aly 1989). Genistein and daidzein (Figure 1) and their 
/3-glucoside conjugates are present in high concentrations 
(up to 3 mg/g) in soybeans (Walz, 1931; Walter, 1941; 
Eldridge, 1982; Price and Fenwick, 1985). Recent studies 
by Kudou et al. (1991) have shown that the 6''-0- 
malonylglucosides are the principal conjugated forms of 
these isoflavones in soybean hypocotyl. In addition, in 
toasted defatted soy flakes, Farmakalidis and Murphy 
(1985) have reported the presence of 6"-0-acetylglucosides. 

In the Asian countries, soy is used in many foods — in 
Taiwan, the average human consumption is 35 g/day per 
capita (M. Messina, unpublished data), Lee et al. (1991) 
have recently shown a strong correlation between the 
intake of soy protein and a reduction in the risk of breast 
cancer in premenopausal, but not postmenopausal, Sin- 
gapore Chii»ese^omen. Furthermore, soy ingestion has 
also been shown to significantly alter hormonal charac- 
teristics of healthy, premenopausal women in a manner 
which is beneficial with regard to risk factors for breast 
cancer (Cassidy et al.y 1993). Finally, the amount of 
isoflavones in urine is correlated to soy intake in both 
European (Setchell et al.y 1984; Axelson et al.y 1984) and 
Japanese people (Adlercreutz et aly 1991). Therefore, 
soybeans are a potentially important link between diet 
and cancer risk. 

Asians consume soybeans in many forms, including soy 
milk, tof u, and fermented products, such as miso, soy sauce, 
and tempeh. There have been only a limited number of 
reports of the isoflavone concentrations and composition 

g) 1993 American Chemical Society 
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Figure 1. Chemical structures of the isoflavones measured in 
this study. 

in these products. Since the consumption of soy-based 
foods is increasing in the United States, we describe here 
an analytical procedure for the determination of the 
concentrations and composition of isoflavones in a variety 
of American and Asian soy-containing foods and food 
products. 

EXPERIMENTAL PROCEDURES 

Apparatus. In this study the following were used: a Buchi 
rotavapor, Model Rl 10; a LKB Ultraspec UV-visible wavelength 
spectrophotometer; a Perkin-Elmer Series IV high-pressure liquid 
chromatograph with a ternary solvent delivery system, U V-visible 
wavelength detector, and data station; a Varian MAT 311 A mass 
spectrometer retrofitted with an Ion Tech saddle-field atom gun 
providing a beam of fast atoms of xenon (8 keV with a 1-mA 
current); and a GE 300 wide-bore spectrometer (NT series) with 
an llSOe processor and a 293c pulse programmer providing a 
resonance frequency of 300.1 MHz. 

Reagents. HPLC grade methanol and acetonitrile and the 
disodium salt of fluorescein were used without further purifi- 
cation. Double-distilled water used was filtered through a nylon 
membrane of 0.45 ^m. 

Soybean chips, various soy flours, soy protein concentrates, 
soy protein isolates, high-fiber fractions from soybeans, and soy 
molasses (a concentrated aqueous ethanol extract of defatted 
soybean flour) were provided by the Archer Daniels Midland Co. 
(Decatur, IL). Soy molasses contained 45% solids by weight 
(34.6% carbohydrate, 3.2% protein, 3.1% fat, and 4.2% ash), as 
analyzed by Hazelton Laboratories, Madison, WL Tofu prepared 
by the 5-giuconolactone method (Morinaga Nutritional Foods 
Inc., Los Angeles, CA) and fermented soy sauce (Kikkoman) were 
obtained from a local grocery store. Tofu prepared by calcium 
salt-induced coagulation (Tree of Life, St. Augustine, FL), 
tempeh, soy milk, chocolate malted soy milk, iced soy milk 
(Tofutti and Ice Bean), soy cheese, miso, soy flour, soy nuts, and 
soy powder were all obtained from a national foodstore special- 
izing in vegetable-based food products. Barley miso and rice 
miso were provided by American Soy Products, Inc., Saline, ML 
Miso and several forms of soybean paste {Doen Jang) were 
purchased from a Korean foodstore. 

Isoflavone Standards. Isolation. Genistin and daidzin, the 
)9-glucoside conjugates of the isoflavones genistein and daidzein, 
were isolated from soy molasses according to the method of Walter 
(1941). Genistein was prepared by hydrolysis of genistin under 
reflux for 6 h in methanolic HCl. Daidzein was prepared by 
hydrolysis of daidzin with /5-glucosidase in a 0.1 M sodium acetate 
buffer, pH 5.0. The crude daidzein and genistein were recrys- 
tallized three or four times from hot 60% aqueous ethanol. 

Mass Spectrometry. Molecular weights of the isoflavones were 
determined by fast atom bombardment ionization mass spec- 
trometry using a glycerol matrix. 

Nuclear Magnetic Resonance {NMR) Spectra. Isoflavones 
were dissolved in DMSO-de- NMR spectra were obtained 
with 8K data points, 2800-Hz sweep width, 3.7-s repetition rate, 
and 75** sweep angle; spectra were internally referenced to 
tetramethylsilane at 0.00 ppm. 



Extraction. Isoflavones in solid foods (analyzed in triplicate) 
to which 1.25 mg of fluorescein was added as an internal standard 
were extracted into 80% aqueous methanol (10 mlVg) by stirrinj 
1 h at 60 "C. The other soy products (miso, soy milk, soy paste 
and tofu) were extracted whole and also after freeze-drying. The 
mixture was centrifuged (10 min at 2500^) and the supernatan; 
decanted into a round-bottom flask. The pellet was resuspendec 
in 80% aqueous methanol (2X5 mL) and centrifuged, and the 
supematants were combined emd taken to dryness using a rotai> 
evaporator. The dried extracts were then redissolved in B0% 
aqueous methanol (5 mL), and lipids were removed and discarded 
by partitioning into hexane (4 X 20 mL). The aqueous methanol 
phase was evaporated to dryness on a rotary evaporator and the 
dried residue dispersed in 10 mL of 80% aqueous methanol. An 
aliquot of the mixture was centrifuged at 14000^ for 2 min in an 
Eppendorf microfuge just prior to analysis by HPLC. 

High-Pressure Liquid Chromatography. Separation of 
isoflavones was achieved by HPLC on a 30 cm X 0.45 cm Brownlee 
Aquapore Cs reversed-phase column with a mobile phase 
coiisisting of a gradient of 0-46.4% acetonitrile in 0.1% (v/v) 
aqueous trifluoroacetic acid at a flow rate of 1.5 mL/min. The 
concentration of acetonitrile increased by 2.25% /min. The 
eluting components were detected from their absorbance at 262 
nm. Concentrations of the isoflavones were calculated from 
standard curves of the area responses for authentic isoflavone 
standards normalized to the constant amount of fluorescein added 
to each sample. The concentrations were expressed either as 
milligrams per gram of whole food or as milligrams per gram of 
dry weight. 

RESULTS 

Purity of Isolated Isoflavone from Soybeans. Melt- 
ing Points, The uncorrected melting points of the 

isoflavones were as follows: daidzein, 325 ®C (dec) 
[literature (Yueh and Chu, 1977) 320 (dec)]; daidzin, 
223 °C (dec); genistein, 297-299 °C [literature (Walz, 1931) 
296-298 *€]; genistin, 257-258 °C [literature (Walter, 
1941) 254-256 ^C]. 

UV Absorbance. Maximum absorbance occurred at 254 
nm for daidzin, genistin, and genistein (molar extinction 
coefficients of 29.0 x lO^, 41.7 X lO^, and 37.3 X 10^, 
respectively, in 80% aqueous methanol), and at 250 nm 
for daidzein (molar extinction coefficient of 26.0 X 10^ in 
80% aqueous methanol). 

Mass Spectrometry. Molecular masses of the isolated 
isoflavones were 270 and 432 daltons (genistein and 
genistin, respectively) and 254 and 416 daltons (daidzein 
and daidzin, respectively). 

NMR Spectroscopy. Genistein: 6 6.22 (IH, d, J = 2.4 
Hz, He), 6.38 (IH, d, J = 1.5 Hz, Hg), 6.82 (2H, d, J = 8.4 
Hz, H3' and Hg ), 7.37 (2H, d, J = 8.4 Hz, Hg- and HeO, 8.30 
(IH, s, H2), 9.57 (IH, s, C4'-0H), 10.86 (IH, s, Cv'-Oif), and 
12.93 (IH, s, Cs'-OH). Daidzein: d 6.81 (2H, d, J = 9.3 Hz, 
H3' and Hs ), 6.87 (IH, s. Ha), 6.94 (IH, d, J = 10.5 Hz, He), 
7.38 (2H, d, J = 8.4 Hz, H2' and HgO, 7.97 (IH, d, J = 8.7 
Hz, H5), 8.27 (IH, 8, H2), 9.59 (IH, s, 4'-OH), and 10.86 
(IH, s, I'OH). These values are consistent with previously 
published data (Markham and Mabry, 1975). By using 
DMSO-de as the solvent, the phenolic hydroxyl 
resonances were observed, whereas addition of D2O 
eliminated these resonances. As expected, the ^H NMR 
spectra of genistin and daidzin lacked the C7 phenolic 
hydroxyl proton resonance, the site of attachment of the 
glucosyl group. Small chemical shift changes {S 0.1-0-^) 
caused by the 7-glucosyl group were also observed for 
protons (Hs, He, and Hg) in the A ring. 

Optimization of Extraction and Analytical Pro- 
cedur s, p-Nitrophenol, estradiol, and fluorescein were 
evaluated as possible candidates for use as internal 
standards. Fluorescein was found to be the most suitable 
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Stable I. Isoflavone Concentrations* in Asian Primary Soy Materials 
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conjugated 



aglucones 



food 



basis 



genistin 



daidzin 



genistein 



daidzein 



aglucones, % 
total D/G ratio genistein daidzein 



: ^y milk 
tofu* 
tofii' 

goy flour 
goy powder 
8oy nuts 



g 

gdry wt 
g 

gdry wt 
g 

g dry wt 
g 
g 
g 



0,130 ± 0.004 
1.680 ± 0.060 
0.249 ± 0.028 
1.215 ± 0,137 
0.269 ± 0.004 
2.087 ± 0.030 
0.741 ± 0.100 
1.148 ± 0.103 
1.390 ± 0.039 



0,103 ± 0,006 
1.337 db 0,087 
0,121 db 0.010 
0.591 ± 0,046 
0.200 ± 0.008 
1.513 ± 0.019 
0.582 ± 0.077 
0.582 ^ 0.054 
0.853 ± 0.022 



0.007 ± 0.000 
0.098 ± 0.002 
0.031 ± 0.001 
0.151 ± 0.006 
0.015 ± 0.001 
0.116 ^ 0.004 
0.015 ± 0.002 
0.014 ^ 0.001 
0.066 ± 0.001 



0.011 ± 0.002 
0,141 ± 0.019 
0.016 ± 0.001 
0.0.077 ±0.005 
0.015 ± 0.000 
0.113 ^ 0.000 
nd 
nd 

0.054 db 0.001 



0.252 ± 0.012 
3.256 ^0.168 
0.417 ± 0.036 
2.031 ±. 0.171 
0.494 ±0.011 
3.827 ± 0.045 
1.338 ± 0.178 
1,748 ±0.156 
2.363 ± 0.061 



0^ 


5 


10 


0.49 


11 


12 


0.74 


5 


7 


0,77 


2 


0 


0.50 


1 


0 


0.62 


5 


6 



• mg/g; mean ± 1 SD of triplicate analyses. * Tree of Life tofii. « Mori-Nu tofu. 
Table II. Isoflavone Concentrations* in Processed or Fermented Asian Soy Products 



conjugated 



aglucones 



aglucones, % 



soy product 



basis 



genistin 



daidzin 



genistein 



daidzein 



tempeh 

miso 

ricemiso 

barley miso 

Shiromiso soup mix 
Akamiso soup mix 
soybean paste 

soybean paste/rice 

soybean paste/wheat 



g 

gdry wt 
g 

g dry wt 
g 

g dry wt 
g 

g dry wt 

g 

g 

g 

gdry wt 
g 

g dry wt 
g 

gdry wt 



0.113 ±0.028 
0.296 ± 0,063 
0.043 ± 0,004 
0.064 ±0.007 
0.198 ± 0.011 
0.353 ± 0.018 
0.155 ± 0.020 
0.258 ± 0.032 
0,267 ± 0.020 
0.319 ± 0.025 
0.078 ± 0.014 
0.160 ± 0.030 
0.066 ± 0.029 
0,106 ± 0,045 
0,110 ± 0.008 
0.220 ± 0.015 



0.040 ± 0,013 
0.103 ± 0.029 
0.036 ± 0.025 
0.054 ± 0.038 
0.000 ± 0.000 
0.000 ± 0.000 
0.142 ±0.025 
0.235 ± 0.042 
0.163 ± 0.028 
0,254 ± 0.044 
0.044 ± 0.040 
0,090 ± 0.081 
0.085 ± 0.016 
0.136 ± 0.026 
0.094 ± 0.026 
0.189 ± 0.052 



0.164 ± 0,004 
0.434 ± 0.005 
0.497 ± 0.029 
0.745 ± 0.068 
0.136 ± 0.000 
0.242 ± 0.001 
0.239 ± 0.008 
0.396 ± 0.012 
0.170 ± 0,006 
0,173 ± 0.005 
0.251 ± 0-008 
0.514 ± 0.016 
0.108 ± 0.004 
0.174 ± 0.008 
0,124 ± 0.014 
0.248 ± 0.028 



0,113 ± 0,007 
0.298 ± 0.009 
0.345 ± 0.013 
0.516 ± 0.036 
0.071 ± 0.002 
0.127 ± 0.003 
0.185 ± 0.007 
0.306 ± 0.009 
0.108 ± 0.008 
0,136 ± 0.008 
0.197 ± 0.009 
0.404 ± 0.019 
0.103 ± 0.006 
0,166 ± 0.008 
0.105 ± 0.001 
0,210 ± 0.003 



« Expressed as mg/g wet weight or mg/g dry weight; mean ± 1 SD of tripUcate analyses, nd, not detected. 
Table III. Isoflavone Concentrations* in Other Soy Foods 



conjugated 



aglucones 



total 


D/G ratio 


genistein 


dcudzein 


0.430 ± 0.005 








1.130 ± 0.096 


0.55 


59 


74 


0.920 ± 0.070 








1.379 ± 0.149 


0.70 


92 


91 


0.404 ± 0.009 






100 


0.721 ± 0.014 


0.21 


41 


0.721 ± 0.053 








1,195 ± 0.084 


0.83 


61 


57 


0.708 ± 0,059 


0.62 


39 


40 


0.882 ± 0.080 


0.79 


35 


35 


0.570 ± 0.071 








1.168 ± 0.146 


0.73 


76 


82 


0,362 ± 0.041 






55 


0,582 ± 0.061 


1.08 


62 


0.433 ± 0.032 






53 


0.867 ± 0.063 


0.85 


53 


nd, not detected. 






aglucones, % 



soy food 


basis 


genistin 


soy sauce 


g 


nd 


gdry wt 


nd 


soy cheese 


g 


0.028 ± 0.001 


gdry wt 


0.057 ± 0,001 


Tofutti 


g 


0.022 ± 0,001 




gdry wt 


0.064 ± 0.001 


Ice Bean 


g 


0.060 ± 0.006 




gdry wt 


0.184 ± 0.016 



daidzin 



genistein 



daidzein 



total 



D/G ratio genistein daidzein 



nd 
nd 

0,021 ± 0.001 
0.043 ± 0.001 
0.004 ± 0.006 
0.012 ± 0.016 
0.055 ± 0.007 
0.167 ± 0.022 



0,009 ± 0,002 
0.036 ± 0.014 
0.002 ± 0.001 
0.005 ± 0.001 
0.004 ± 0.000 
0.014 ± 0.001 
0.001 ± 0.000 
0.004 ± 0.002 



0.014 ± 0.001 
0.054 ± 0,013 
0.001 ± 0,001 
0.001 ± 0.002 
0.001 ± 0.002 
0.003 ± 0,004 
0.001 ± 0.002 
0.004 ± 0.006 



0.023 ± 0.003 
0.090 ± 0,026 
0.050 ± 0.003 
0,105 ± 0.003 
0.032 ± 0.008 
0.092 ± 0.020 
0,117 ± 0.014 
0.360 ± 0.004 



1.50 


100 


100 


0.71 


8 


2 


0.19 


18 


20 


0.91 


2 


2 



Expressed as mg/g wet weight or mg/g dry weight; mean ± 1 SD of tripUcate analyses, nd, not detected. 



because its HPLC retention index was distinct from that 
of any other component in the soy food extracts. 

When alcohol-extracted soy protein concentrate (1 g) 
was "spiked** with known amounts of genistein, genistin, 
daidzein, and daidzin, drie4, and then extracted with 
several different solvent mixtures (10 mL), the maximum 
isoflavone recoveries were found for 80 % aqueous meth- 
anol and 60% aqueous acetonitrile. Recoveries ranged 
from 90 to 93% and from 86 to 90%, respectively, for 
these two solvent systems. 

Experiments were carried out to determine the optimum 
ratio of the volume of the extraction solvent (80 % aqueous 
methanol) to the quantity of food. A range from 0.2 to 1 
mg of each isoflavone was present in the soy flour used in 
this experiment. Consistently higher recoveries were 
obtained with ratios of solvent (milliliters) to food (grams) 
equal to or greater than 10:1. Recoveries were lower at 
ratios below 10 mL of solvent/g of food; however, it was 
possible to correct for losses using the internal standard, 
fluorescein. The coefficient of variation for triplicate 
samples varied from 3.0 to 8.6% , being lower when larger 
sample sizes (>0.5 g) were ansdyzed. Similar variation 



was observed for the values for foods reported in Tables 
I-IV, being highest (12.0%) in nonhomogeneous foods 
containing low isoflavone concentrations (>0,4 mg/g) and 
lowest (5.6%) in powdered materials with isoflavone 
concentrations greater than 1 mg/g. 

Asian Soy Foods. Each of the Asian-style soybean 
products (soy milk, tofu, soy flour, soy powder, and soy 
nuts), which were not diluted by the addition of nonsoy- 
bean components, had total concentrations of isoflavone 
(expressed as milligrams per gram of dry weight) in the 
range 1.3-3.8 mg/g (Table I) . When other food components 
were added to the soybean product, the overall isoflavone 
concentrations were lower. Fermented soy foods, which 
are usually prepared by mixing soy with other components 
such as barley, rice, or wheat, contained isofl^ne 
concentrations that were lower and in the range 0.6-1.4 
mg/g of dry weight (Table II). Other soy-based Products, 
such as frozen flavored soy milk (Ice Bean and Tofutti), 
soy sauce, and soy cheese, had much lower isoflavone 
concentrations (Table III). 

For soy milk (Figure 2A), soy flour, soy nuts, soy powaer, 
and tofu (Figure 2B). the /5-glucosidic conjugates were the 
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Figure 2. Reversed-phase HPLC chromatograms of extracts of 
soy milk (A), tofu (B), and miso (C). Note that miso contains 
only unconjugated isoflavones. Peak identification: 1, daidzin; 
2, genistin; 3, daidzein; 4, genistein; 5, internal standard (fluo- 
rescein; constant amount added to each sample). E^ch chro- 
matogram was obtained at the same sensitivity setting; the 
volumes injected of each extract were adjusted to give similar 
maximum peak heights. 

major forms of isoflavones present. However, in fermented 
soy foods such as miso (Figure 2C), soybean paste, and 
tempeh, the unconjugated isoflavone aglucones were the 
predominant chemical forms. 

American Soy Foods. The commercial soy products 
used in American foods all contained isoflavones (Table 
IV). Soy flours (Figure 3A), independent of the degree of 
heating used in their preparation, had consistently high 
isoflavone concentrations. Soy protein concentrate pre- 
pared by extraction with water had an isoflavone con- 
centration (2.7 mg/g) comparable to that of soy flour and 
many Asian soy products. On the other hand, aqueous 
alcohol-extracted soy protein concentrate (Figure 3B) 
contained lower concentrations of isoflavones (Table IV). 
American soy sauce had the lowest concentrations of 
isoflavones (Figure 3C). In soy protein isolates, isoflavone 
concentrations were reduced 3-fold compared with soy 
flour when the concentration was expressed as milligrams 
per gram of dry weight and 5-fold when expressed as 
milligrams per gram of protein (Table IV). 

DISCUSSION 

By application of the method described and evaluated 
here, we have comprehensively examined the isoflavone 
composition of a variety of soybean products typically 
consumed in American and Asian diets. The data extend 
results reported by other investigators (Murphy, 1982; 
Eldridge» 1982; Eldridge and Kwolek, 1983; Farmakalidis 
and Murphy, 1985; Price and Fenwick, 1985; Setchell et 
aL, 1987; Jones et aL, 1989; Wang et al., 1990). 

The procedure developed in this study for the analysis 
of isoflavones in food products is reproducible and reliable 
and is suited to the measurement of isoflavones in as little 
as 1 g or 1 mL of the foodstuffs studied. The optimum 



conditions for the extraction and isolation of the isoflavc 
from food products were thoroughly investigated usii 
soy protein concentrate prepared by extraction with 
65% aqueous alcohol. However, we cannot exclude 
possibility that alternative solvent mixtures may 
optimal for other soy food matrices. The optimum ri 
of the aqueous organic solvent to the food being analy 
was 10:1 (vol/g) or greater. As previously noted (Wanj 
a/., 1990), the use of Sep-Pak Cis columns to clean up 
extracts was unnecessary (data not shown). Althoi 
defatting of the initial extract with hexane did not al 
the qualitative or quantitative aspects of the HP 
analysis, it is recommended to prolong the life of the HP 
column. 

EfHcient extraction of these relatively polar isoflavoj 
from foodstuffs requires the use of a polar solvent, 
accord with previous studies (Murphy, 1981; Eldrid 
1982; Eldridge and Kwolek, 1983; Setchell et al, 19 
Jones etal., 1989; Barbuchet a/., 1989), aqueous metha- 
(80%) was shown to be the optimum solvent for t 
extraction of conjugated and unconjugated isoflavon 
whereas pure acetonitrile, ethanol, or methanol was a p( 
organic solvent. Although it has been previously claim 
that 80% aqueous acetonitrile was more efficient th 
80% aqueous methanol, absolute recoveries were r 
reported (Murphy, 1981; Farmakalidis and Murphy, 198 
In addition, previously published methods utilized 
acidified extraction medium (Murphy, 1981; Farmakalic 
and Murphy, 1985; Wang etaL, 1990). In whole soybea 
(and presumably some, but not necessarily all, soy food 
large amounts of isoflavone 6"-0-malonylglucoside co 
jugates have been reported (Kudou et al., 1991). The 
malonate ester derivatives, by analogy to malonate este 
which are intermediates in many organic syntheses, a 
prone to decarboxylation to form the corresponding 6 
0-acetylglucosides, a reaction stimulated by heat and t 
acid medium. This may account for 6"-0-acetyldaidz 
and 6''-0-acetylgenistin in toasted soy flakes (Farmakalic 
and Murphy, 1985), as was suggested by Kudou et ( 
(1991). Therefore, the apparent pattern of isoflavoi 
glycosidic conjugates measured by HPLC analysis will 1 
a function of the extraction procedure, as well as tl 
processing of individual soy foods. Recent experimen 
carried out in this laboratory (S. Barnes, unpublished dat 
suggest that hot extraction procedures also cause d 
esterification of 6"-0-malonylglucosides and 6''-0-acet> 
glucosides, thereby leading to the underivatized /5-gluci 
sides (daidzin and genistin) as the predominant fonr 
detected by HPLC analysis, as observed in this an 
previous studies ( Walz, 1931; Walter, 1941; Eldridge, 198: 
Price and Fenwick, 1985; Setchell a/., 1987; Jones cffj 
1989). Despite these effects, the total isoflavone glycosid 
concentration was unchanged. Accordingly, the ^^^^ 
trations of daidzin and genistin as determined by HFL 
in this study represent the sum of the individual isoflavon 
glycoside concentrations. New extraction and anal)^,^ 
methods are required that will enable accurate deter?n 
nation of the composition and concentration of isoflavo 
glycosidic conjugates in soy food materials. 

Solvent loss by retention in the insoluble food na®^ 
or by evaporation, was corrected for by the inclusion^ 
fluorescein as the internal standard. Under the ^ 
graphic conditions employed, fluorescein eluted sepa^a ^• 
from other UV-absorbing compounds extracted a. 
foods tested and did not partition into hexane, 
bright yellow-green color served to limit potential pTO ^ 
of losses during the workup procedure. With the 
of Eldridge (1982), who used butyrophenone as an ^^^^ 
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Isoflavone Concentrations* in Various American Soy Products 



conjxigated 



aglucones 



total 



soy product 



genistin 



daidzin 



genistein daidzein 



aglucones, % 



dry wt 



protein D/G ratio genistein daidzein 



ixtures may bejaoybean chips 0.356 db 0.074 0.331^:0.058 0.052 ± 0.019 0.065 *0.023 0.802 ±0.172 2.111 ±0.455 

e optimum ratioj ^j^utrisoy 1.448 ± 0.026 1.161 ±0.003 0.034 ±0.000 0.033 ± 0.002 2.678 ± 0.027 5.356 ±0.054 

1 being anaJyze^^ j^utrUoyTB 1.318 ± 0.009 1.112 ± 0.005 0.053 ± 0.002 0.044 ±0.001 2.527 ± 0.004 5.054 ± 0.008 

• noted (Wang d! baker's Nutrisoy 1.300 ±0.176 1.046 ± 0.117 0.024 ± 0.020 0.019 ± 0.019 2.389 ± 0.332 4.778 ± 0.664 

S to clean up tht' toasted Nutrisoy 1.385 ± 0.066 1.093 ± 0.025 0.044 ± 0.011 0.040 ± 0.005 2.561 ± 0.076 5.122 ± 0.152 
ywYi\ AlthouclW concentrates 

- ^ -.^f.-^*-..? 1.404 ±0.103 1.180 ±0.082 0.033 ± 0.002 0.039 ± 0.002 2.656 ± 0.182 3.794 ± 0.256 



medidnotalte^/^^fj^,^^^^ 

s of the HPUi'^^^^^i^on ^^^^^ 
lifeoftheHPLC ArconS 
Loy isolate 

polar isoflavoneL*'y^£** 
olar solvent. Ir*^^ 

1981; Eldridge' * P« 8 dry weight or per g of protein; mean ± 1 SD of triplicate analyses. 
heU et al., 198?^ 

A 



0.087 ± 0.014 
0.227 ± 0.059 
0.430 ± 0.138 
0.589 ± 0.004 
0.154 ± 0.004 



0.064 ± 0.007 
0.102 ± 0.019 
0.232 ± 0.105 
0.278 ±0.001 
0.141 ± 0.001 



0.004 ± 0.001 
0.069 ± 0,001 
0.105 ± 0.011 
0.189 ±0.012 
0.114 ± 0.006 



0.004 ± 0.000 
0.045 ± 0.002 
0.073 ± 0.004 
0.102 ± 0.005 
0.085 ± 0.002 



0.159 ±0.022 
0.443 ± 0.075 
0.848 ± 0.228 
1.158 ± 0.012 
0.494 ± 0.012 



0.244 ± 0.034 
0.682 ± 0.115 
0.931 ± 0.250 
1.273 ± 0.013 
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s also cause d*fif^re3. Reversed-phaseHPLC chromatograms of extracts of 



and 6"-0-acet}^y (A), aqueous alcohol-extracted soy protein concentrate 
ri v«f i7PH Ft-(r\nS^* sauce (C). The same sensitivity setting was used for 

rivai.i^t;u p S*^nch chromatogram. The amount of fluorescein added to each 
eaominant ior%npig constant; i.e., the isoflavone content of soy flour vastly 
rved m this ajceeds that of the protein concentrate and soy sauce. Peak 
il;Eldridge, 19fentification is as in Figtu>e 2. 
1987; Jones et fl^ 

iflavone glycosiflandard, previously published methods for isoflavones 
ingly, the conceive taken no account of procedural losses, 
r mined by HPl-The isoflavones were separated by reversed-phaseHPLC 
lividual isoflavojing a gradient of acetonitrile and water, thus permitting 
ion and analj^iialysis of both the /S-glucosides and the aglucones in a 
accurate determgle chromatographic run. This has particular advantage 
itionof isoflavofer methods in which the isoflavone glucosides were 
rials. Jculated by the difference in the concentration of 

luble food mat4^a^°^® aglucones, determined using isocratic HPLC 
y the inclusionf^^oda* between acid-hydrolyzed and unhydrolyzed 
nder the chromP^P^^ (Wang et aL, 1990). It is an important feature of 
1 eluted separati^ analytical method because of the marked differences 
xtracted from tf^oAavone composition in soy foods. Other investigators 
o hexane, and Ef^ previously used gradient elution reversed-phase 
potential problePLC. Murphy (1981) and Eldridge and Kwolek (1983) 
A^ith the exceptf P^^V^d gradients of methanol in water, whereas Koster 
noneasaninteri"^* (1983), Jones et al. (1989), Matsuura et al. (1989), 



and Kudou et aL (1991) all utilized acetonitrile gradients 
in water. The analyses were carried out at different pHs. 
Jones et al. (1989) used a borate-potassium phosphate 
buffer, pH 7.5, whereas the other investigators used either 
trifluoroacetic acid [the present study £md Matsuura et 
aL (1989)] or acetic acid (Koster et aL, 1983; Kudou et aL, 
1991). 

Application of our analytical method has indicated that 
manufacture of most American and Asian soy food 
materials does not result in substantial lowering of 
isoflavone concentrations. The exceptions were soy sauce, 
alcohol-extracted soy protein concentrate, soy protein 
isolates, soy fiber, and foods in which soy was found to be 
only a minor component. 

Soy flour is obtained by grinding dehulled soybeans 
following the removal of oil by solvent extraction or by 
extrusion. Isoflavones were not found in soybean oil. 
During the manufacturing process, soy flour is heated to 
varying degrees, including toasting, to produce different 
grades of soy flours. Toasting of soy flour may well have 
led to formation of more isoflavone 6''-0- ace tylglucosides 
by decarboxylation of the 6''-0-malonylglucosides than 
in less heat-treated forms of soy flour. Nonetheless, these 
glycosidic conjugates were de-esterified according to the 
extraction procedure employed in the present study; 
accordingly, we found no evidence that heating had an 
effect on the isoflavone composition (glucosidic conjugates 
vs aglucones) or total concentrations determined by our 
analytical method. 

Soy protein concentrate, prepared by extraction of soy 
flour with hot 65% aqueous ethanol (an excellent solvent 
for isoflavones), had 10-20-fold lower isoflavone concen- 
trations than most other soy foods. By contrast, soy 
protein concentrate prepared by hot water extraction (to 
remove the soluble carbohydrates) at neutral pH retained 
most of the isoflavones present in soy flour, probably 
reflecting their strong protein binding and low aqueous 
solubility. 

Soy protein isolate is prepared by solubilization of 
proteins (and soluble carbohydrates) from soy flour by an 
alkaline (pH 9.5) extraction step and the subsequent acid 
(pH 4.5) precipitation of the extracted proteins. The 
isoflavone concentrations in soy protein isolate were 4-6- 
fold lower than in soy flour or soy protein concentrate 
when expressed as milligrams per gram of protein. 
Incomplete recovery of the isoflavones from the soy flour 
during the alkaline extraction step or selective precipi- 
tation of the isoflavone aglucones at pH 4.5 may account • 
for the composition and concentrations of isoflavones in 
the soy protein isolate. The lower daidzein/genistein ratio 
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(0.4) in the soy protein isolate compared to that in the 
unprocessed soy flour (0.6) may also be a consequence of 
the more hydrophilic nature (and hence aqueous solubility) 
of daidzein compared to genistein. 

Some soy foods (soy milk, miso) containing high 
concentrations of isoflavones are often diluted with other 
food materials that do not contain isoflavones. The 
addition of chocolate flavoring to soy milk lowers the 
isoflavone concentration (milligrams per milliliter) by 33% ; 
however, since the total solids were increased, there was 
a 3-fold decrease in isoflavone concentration when ex- 
pressed as milligrams per gram of freeze-dried weight. 
Tofutti and Ice Bean are both iced soy milks. Tofutti is 
prepared using soy protein isolate rather than the whole 
soybean (as is the case for Ice Bean) and consequently has 
a 4-fold lower isoflavone concentration than Ice Bean. The 
lower isoflavone concentrations reported in infant formula 
soy milk (Setchell et a/., 1987) also reflect the use of soy 
protein isolate rather than whole soybeans, which were 
the source for the soy milks analyzed in the present study. 

When miso was diluted with barley or rice, the isoflavone 
concentrations (1.2 and 0.7 mg/g of dry weight, respec- 
tively) were also lower than in undiluted miso (1.4 mg/g 
of dry weight). Similar effects were also found for soybean 
paste (diluted with rice or wheat), which had isoflavone 
concentrations ranging from 0.58 to 1.17 mg/g of dry 
weight. 

Soy sauce, a popular product in Asia and in the United 
States, is prepared by first fermenting soybean paste with 
rice and then squeezing the resulting cake to produce a 
brown liquor. It contains only trace amounts of isofla- 
vones, as has been noted previously (Wang et al., 1990). 
Murphy (1982) failed to detect isoflavones in soy sauce. 

In nonfermented soy foods (soy milk, tofu, soy nuts, soy 
powder, soy protein concentrate, and soy flour), the 
isoflavones were present almost exclusively as their 
glycosidic conjugates, whereas in fermented soy products, 
such as miso, soybean paste, and tempeh, a large proportion 
of the isoflavones were in the unconjugated form. Inter- 
estingly, when soy milk or tofu becomes contaminated by 
microorganisms after the container is opened, the pro- 
portion of unconjugated isoflavones increases with time 
(L, Coward and 8. Barnes, unpublished data). This may 
have been the case for the tofu analyzed by Murphy (1982) 
that contained a high percentage of isoflavone aglucones. 

Asians consume the equivalent of 10-35 g of soybeans/ 
day per capita (M. Messina, unpublished data), indicating 
a daily isoflavone intake of 25-100 mg. This is comparable 
(on a body weight basis) to the amounts of isoflavones in 
powdered soybean chip-containing diets that we have 
recently shown to inhibit the appearance of mammary 
tumors in a N-methylnitrosourea-induced animal model 
of breast cancer in rats (Barnes et al., 1990). 

In contrast to most Asians, the average American or 
Western European consumer ingests at most only a few 
milligrams per day of isoflavones. This has been confirmed 
by several investigators. Setchell et al, (1584) showed that 
the urinary excretion of the isoflavone metabolite equol 
increased >500-fold when human volunteers included 40 
g of soy flour in their diet on a daily basis. In addition, 
urinary levels of equol are generally very low in most 
subjects consuming a Western-style diet but are much 
higher in vegetarians who include soy in their diet 
(Adlercreutz et al, 1987). Finally, Jones et al (1989) have 
shown that the isoflavone intake from the British diet is 
below that believed to be necessary to have a physiological 
effect. 



Coward et 
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Since we have shown that isoflavone-containing soybean 
products prevent the appearance of mcunmary tumors ixi 
rat models of breast cancer (Barnes et aL, 1990) and 
isoflavones inhibit the growth of human breast cancer 
(Peterson and Barnes, 1991) and prostate cancer (Peterson 
and Barnes, 1993) cells in culture, these data are consistent 
with the hypothesis that the low incidence of breast cancer 
in Asian women is due to their much higher consumption 
of soybeans containing isoflavones (Setchell et aL, 1934^ 
Barnes et aL, 1990; Adlercreutz et al, 1991; Lee et at.[ 
1991). 
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j9-Glucosidase Involved in the Antioxidant Formation in 
Tempeh, Fermented Soybeans 

By Junko EBATA. Yasuko FUKUDA, Kazuko HIRAI and Kiku MURATA 
Faculty of the Science of Living, Osaka City University 

The /?-glucosidase involved in formation of antioxidants (some isofiavones) from 
fermented soybeans with Rhizopus oligosporus was investigated. 
The results were as follows : 

1 Genistin was hydrolysed with the crude enzyme which was obtained by ammo- 
nium sulfate fractionation from water extract of Rhizopus oligosporus cultivated in the 
medium containing soybean paste. The reaction mixture showed antihemolytic activity 
corresponding to the proposed amount of its aglucone, 5. 7, 4'-trihydroxyisoflavone. 

2. The ^-glucosidase was isolated by the purification procedures of acetone precipi- 
tation, Amberlite CG-50 column chromatography and concentration with collodion bag. 
The enzyme was purified about 1400 folds and the yield was 43^. 

3 The purified enzyme showed maximum activity at pH 5. 0 and 60X, and was 
stable between pH 2 and 9 at 20^C. The enzyme activity was markedly inhibited by 
heavy metal ions and SH reagents, and recovered by cysteine. The Km values of the 
enzvme were 6.25xl0-^M for genistin, 1.98xlO-*M for NPG, 4;57Xl0-*M for phenyl-^- 
D-glucoside and 6.72XlO-*M for arbutin. Methyl-of-D-glucoside was not attacked by the 

(Received January 6, 1972) 
enzyme. ^ 



y- V^^ (tempeh) V ^>'T^C*JV^ t:#ffl § 

U Rhizopus m^^W.\^^> 30-37=0, 24 --^48 ^ Pal ^ 



* f^f 5 vEXv^y V<0\isL^\%. dialuric acid \z, X 
^Ro^Jn {in vitro) VcJ:^^, ^ O'^i&tt g*r it $ H 



(D^^nfy^^^M^^. CiD5^z:o&i, ^h^^b^mM^'M. 
;5^P>i--CiC:0-ffi$Hfii w iO*:5^r-^>; y-^i V (genis- 
tein) , fsi tbr>*JC ^"^-^^ >' (daidzein) i Ufc 
flfeO— 05t*^0^4 Factor 2 ^^«L., ^jcrHi^ 
-C^mWii-h^m^M^^ ^<Ofsi\^^ 6.7.4'-trihydroxy- 
isofiavone g:-f ^ ^ i b^-J'C Ufc^^^. 

3Bft'C^^^*-=-^^>' (genistin) -^^Mi^V (daidzin) 
Rhizopus B^flix.-C|§S¥ e-^^Jg^-C. is^h< - 
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u.m»^. mmm^. ^#^ai^. *=fffl^&x z&it m46m, 1972^ 



•C'^o e^'-^T--^" V, ^r^-feM v;^^ Pjt>*iC 6-7-4'-tri- 
hydroxyisoflavone f d'^iSil L-'C, ^I-HhA'^-irL^Sk^ 

MiSik'k BMtl^X, Rhizopus oligosportis (O O 

1) ys-y^un^x^^— t£©;ff]3i::^>^ 

(1) HP 73:^-^1' >9-D- -5^ -lU^^v- K (NPG) 

(i, NPG ^ 0. IM S^KMWj^ (PH 5. 0) iC 8. 3X10-^ M 
5 i-'^^ 0. 5ml (cRI UB^^MW}^ 

•T:'*|Pvbfc^^?g?0.5ml ^Jnx.. 40°C. 20^gfE^, 

0.2M mmmm^ (ph 10.2) 2.0ml %j6n;ttsjcs%f^ 

ji^bfc ^>-- > :7 ^ y _7K7)^&^ 400m// 
^X, l^mOJ) tVtz- B¥«fcA-li<Kti Lowry h 

offi-Folin eiAfe**' J: , * -feM V < s^si 
1^ i u-c jpjj^ ufc. o:^a-c* i6 fc^ « < !S 1 mg 

^';0;Hft (U) ^4o-Cj:brSfe (U/mg) 2:L.. 
Vfc. 

(2) . {f=.7.^>&^m.izl.tz*M-^ ■ ^r-^^^vst 
/UT-'i- = 10% Z> t K^SJEfcFl**-^^ 

0.5 ml IC 0.1 M mmi&m}& (pH 5.O) 1.0 mi 
^M^, iiLtC^^?gOigfi^Jn:ft:7Kt:'^S% 4.0ml 
ib, 40'C -esfss^fc. i¥^Sjcr.f!ij; »), er-;:.;?;^ 

T.'f-Vt'- Somogyi OT^t.^ U li?St;Mfe-f * 
■C*f\.-f- 0. IM > y (pH 8. 5) 1. 8ml ^^tfi^ 



.^l=iC7vH-CSf&^ffih$-&, 2.5mg/ml .•fr*,^^ ij v 
K 0. 1 ml, 0. 75 mg/ml ^ ° - tt ^ if"- -f 0. 1 ml 
i^^nx., 1 mg/ml ^-VU = - ;^ ^ it- ^ 0. 1 ml ^ 
:t. 30'C, 60:S-^Jt/^, ^-T^S^^Sfl- (H5i 203 ^) 
^fflV>-C ; 315 m/£. ^em ; 425 mju 0^36^ 5Ag/ml. 

(3) ^©flfeOSMOlI^ : r/i'7*^v, 7 = ^- 
/w-^-D-iJ'Vv 3 K, ^/u-<a:-D-^^/> = K ^ ^ ^ i 
Lfc»-&!i. "lix^jO^H^Ir 0. 1 m S^mMmm (pH 5. 0) 
IC^^^-Br. i O 0. 5 ml jc^^jg 0. 5 ml •kiiax-'C 40'C, 
— ^B^SiES^-a-fcO*,. Somogyi (OT/i-iJ y Sl^jS 2. 0 
ml ^in^tSJCE^fflt^-^, ^'Vi'3-;^^;ai^6i L-C. 

2) Rhizopus oligosporus 

Rhizopus oligosporus NRRL 2710 igftki 

M 300g ^i^t; 500ml (D^;i^-c J: < mx. if-'^xmrn 

V, WM'k^-C- 1000 ml tU ^ Ktc 7* K-^;® 20g ^ 
^JnU-CfFfiKLfcigitbi-^L., -?:€>^it!!aac> 1/3 S* 

oj^^ic put: :k3. 300g ^ o. 25^ 100 mi 4. 
•c- m#rp1»P.®5^. :*:S<oa&%K;t. ixrc 0. 25% 

3) 7\imummm-^om^ 

m^, —yjmwmmi^-k ? ^^--c-m^u 1/3 a 

e)VI=^«'ir'-::^-T-f >fi<i:^J]lil»Jt::^©K«^ 
Rhizopus oligosporus O = -fe'CDl^^iC 

-'KC L 0. 06^ >r-7.=f- jg 0. 5 ml fc, 0. 1 M 
^m^m^ (pH 5.0) 1.5 ml %Jp£. :!f:Jiffiffi^«JS J: 
(J 0. 3-0. 7 mm'ii.WSx, bfc^^^jg 2. 0 ml ^ 
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Vialuric acid IC J; ^ -C5S^< ^ji-'itl^^ 

©■C. ^ Ogg'l^?]-!:: i -h%^'m^<r> 540 m// IC J: £ 
tlfe f itt^i- 2) - ^: i -^jlii^^^fefc. ^ ^ ^ 




Genistein (/ig) 
Fig. 1. Effect of Enzymic Hydrolysate of 
Genistin on Hemolysis. 
Two ml of crude enzyme, 0.5 ml of 0.06% 
genistin in 80% ethanol and 1.5ml of O.lM 
acetate buffer (pH 5.0) were mixed and in- 
cubated at 37=C for 20 hr. 

The reaction was stopped in boiling water. 
To the reaction mixture, the same volume of 
99% ethanol was added and the reaction 



product, genistein was extracted with ether. 
The sample was prepared by evaporating 
ether from the extracts. 

The hemolysis test of samples was carried 
out according to the procedure of Rose and 
Gyorgy.<^> 

Table I. Purification of ^-Glucosidase 



dialuric acid ^(^^^^tI: t ^ (Om^^<om%'^ 

Fig. 11- ^-r. ::;K{cj:o. m^^^--7o% ^mmm^ 
vEi^^ V (o^.^m.mw^<omisL^^ 30% ]xt\^w 
(1) T-fe h^^^^siiaii • «^*ttaiffi»«?si'- 

4M B^eS«?S (pH 4. 0) 0. IM J: 5 icjq 

6N HCl -e pH 4.0 ICbf^O-^, 0'-4X -e?%T-t 

h v^20%ic/i::6 J: 30 ^-H^gUT^iO^it 

(BOOOrpm, ^) b, ^Ojiil^ lOXNaOH 
-C- pH 5.0 iCb^:e?^b, T-t b V^JP;c-t 60% 

J: »;F>^*Ufc. ^O^SU Table I jc^i" cT ^ < , 
im&^U^ 20 i^L. lU^af5:i'i: 100% 

( 2 ) Amberlite CG-50 :^vA^P-7 
- : '^■Si-i: DlTtftUf-^ Amberlite CG-50 
tC^iKU. 0.004M g^it^ilJK (pH 4.0) -Ci-5^M»fb 

(pH 5. 3) ^AK, 0. 5ml/min O mM.'T: pH 5. 0 

Fig. 2, Table I ic^bfc t:-, IM O 

(3) r]P>?7t->/'^-y >>'(::J:S)m$S, 2t/T : ^^^^ 
^^ffiSgJ- J: o -c-^tH ^i^f^ffiliili^o ii - ^ (P-3-1) 

;5 ;i iiic J: , itSi4 i4io o =2 c/^*--fe*^Jt5l^ 



Purification step 



Water extract 

20—60% Acetone precipitate 
Effluent from Amberlite CG-50 

Peak 3 

Peak 3-1 

Concentrated and dialyzed solution 



Volume 
(mn 


Total 
activity 
(unit) 


Total 
protein 
(mg) 


Specific 
activity 
(unit/mg) 


Yield 
(%) 


Purification 
(times) 


1, 757 
281 


3, 710 
4, 260 


22, 800 
1,280 


0. 162 
3. 33 


100 
115 


1 

20.4 


1, 397 
238 


2, 430 
1, 872 
1, 597 


122 
36.6 
6. 97 


19.9 
51.2 
229 


65.5 
50.5 
43.1 


123 
314 
1410 



-fit: 
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aiifii^^. ffiffiw^, «EB#x emit ^46%. ^g^^ 



Protein 

O.D. at 280 m/i 




100 200 

Fraction No. (10 ml/tube) 



300 



Fig. 2. Elution Patterns of ^-Glucosidase from 
Amberlite CG-50 Column. 
Acetone (20—60%) precipitate was loaded 
on column (30x285 mm) equilibrated with 
0. 004M acetate buffer at pH 4.0. 

Stepwise-elution was employed with 0. 5 M 
and 1.2 m acetate buffer of pH 5.0. 

• 0 protein, x x activity. 

I. 0. IM ^mmWi}^ (pH 5. 0), 54. OOOrpm TT'Sit 

6) nmmmo 2. 3 <di4s 

. ( 1 ) pH : # pH <DmWm (0. 1 M) 

§Og¥«^3a;i-C, 20=^C. 20 nfffp^^o/cO^, NPG ^ 

SSi Lt:si#}gtt^iPiJ^bY'c3g«ti, Fig. 3 i'C^-r J: 

5 "tr, pH 2—9 ^c|gie)ibK/c. 

(2) ^iS pH <hS^ : pH 
jg:|rNPG^^:^^U-rai]^L/c|g:^^. Fig. 4 i Fig. 5 
tC^Lf-c ftg pH &t 5. 0 — 5. 2 fc^ t), ^/wft^BS-K 

(3) NPG (C^^r ^ i9-<7*;H3«>^'— tfOft^ : 
NPG 1. 66 X 10-* M) IC^S 0. 51U ^f^ffl 

20% gjgo$gaF^-t:it, s.cEaKttB^rei. 6¥*»S£{c^ 

jg^^btC^-f^SrtSjSKO^^^ Arrhenius O^J: !? 




Fig. 3. Effect of pH on Stability of /?-Glucosidas 
Potassium-chloride-HCl buffer for pH 1, 0 ^ | 
2.0, citrate-phosphate buffer for pH 3. 0— 7. 0 C 
boric acid-borax buffer for pH 8. 0, and carbon-'F 
ate-bicarbonate buffer for pH 9. 0—10. 0 were - : 
used. 

Enzyme solution containing 0.12 U was mixed 5 
with the same volume of each buffer and thevjj 
mixtures were kept at 20*C for 20 hr. After- 
standing, 0.1ml of the mixture, 0. 5mlof8.3x y 
10-^ M NPG and 0.4 ml of 0, IM acetate buffer:^' 
(pH 5. 0) were mixed and incubated at 40^C for - 
20min. Residual activity is represented as per 4^ 
cent of the activity of untreated enzyme solu- 
tion. 




Fig. 4. Effect of pH on Activity of j3-Glucosidase. 
Cirate phosphate buffer was used for pH 3 — 

7. 

The reaction mixture was composed of 0.2 
ml of 3.3xlO-*M NPG, 1.3 ml of each buffer 
and 0.5 ml of enzyme soln. and kept at 45*'C, 
for lOmin. 
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Table III. Effects of Sulfhydryl Agents on 
the Purified Enzyme 



40 50 60 
Temperature (*C) 

Fig- 5. Effect of Temperature on Activity of 
/?-Glucosidase. 
NPG, 0.5 ml of 8. SxlO-^M (pH 5.0), 0.5 ml 
of enzyme solution were mixed and kept for 
20min at each temperature. 

:^t^f^^*, rSftft^^^^l-^*- 11. 7 kcal/mole t:'^ 

(4) ^mm^n(o^w • io-^m o^m-^ ^ 

^-pm h-<fzti^, Table II lc^^i- J: 5 JC, 

Ag". Hg^n Cu2^ fs:^\^mmtsimmi'^mf)^^ni^h^f^^ 

40^C, 10 ^ u ^ ^-<- 3 v 

XK^.^msi^fc. Table III ic^-fc'^ <, 

PCMB /^^.h'^cj: f^PfiS^SH/cKnr.d'^, v/^^T^-f >^'M?JP5- 

Table II. Inhibition of the Purified Enzyme 
by Various Cations 



Cation 


Inhibition (%) 


Cation 


Inhibition C^) 


None 


0 


Cu2+ 


42. 1 


Li- 


2.4 


Co2+ 


10. 0 


Na-^ 


0.4 


Ni^^- 


2.0 


K- 


2.9 


Fe3+ 


5.8 


Ba2^ 


15. 1 


Ag^ 


100 


Ca^- 


4.2 


Hg2^ 


98.4 




5.6 


Mn2+ 


14.9 


Zn2- 


10.5 







The reaction mixture (1.0 ml) contained 0.51 
units of enzyme. IxIO'^m cation as indicated 
and 4. 15xl0-*M NPG in 0. 1 M acetate buffer 
(pH 5.0). 



Inhibitor 



Concentration Cysteine Inhibition 
Cx10-3m) 



None 
Arsenite 

ICH2COOH 

PCMB 



1 

1 

1 
1 

2 

2 







0 


0 


0 


5.8 


1 


2.3 


0 


8.5 


1 


4. 1 


0 


48. 5 


1 


2.6 



After 0. 51 units of enzyme and inhibitor 
were preincubated for lOmin, NPG (4.15x10** 
M) solution with or without cystein v/as added 
to the preincubated enzyme mixture (pH 5. 0) 
and reacted for 20min at 40'C. 

Table IV. Inhibition of the Purified Enzyme 
at Various Concentration of Sugars 



Sugars 



Concentration (.M) Inhibition 



None 



D-Glucose 



Xylose 



2.8X10-5 

1. 4X10-* 

2. 8X10-* 
4. 15X10-^ 
7.0X10-^ 
1.4x10-3 

4. 15X10-* 



0 
0 

7.2 
9.5 
12.5 
16.9 
27.0 
5.6 



Reaction mixture (1.0ml) contained 0.75 units 
of enzyme, sugars as indicated and 4.15x10"* 
M NPG in 0. IM acetate buffer (pH 5.0). 



h ^ ^'/-^ -^-T.is.^xy-r^^^y'^ ^^^^ EaSo 
fiS^Lb^/'cSg^, Table IV ic^-r ^ iTr^zi 

$ ^ T= - ^ t- % tTfV rr - ;^ O 1/2 

(5) i9-^;U=ii>$^'— t£cD^«iS-yjU=i-> YK^nt 
S Km : NPG, ^ zi iy K, T /'^-y*^ V 

Mtl^X, Lineweaver-Burk O^S^ffll^X, ^^^j:-]) 
^lE^Km Table V tc— JgLyti- - 

io'h Factor 2 <o^^i^ ^ iy vi^^i^mmMU^^^M^^n 

<^ 5.C5IJS^M£TU Lineweaver- 
Burk OT^P' y hd'- V^J^^^-f^ ^^'^tl^^i^^:^-- ^ 
fc7xlO-»M (O^'^^i-'Oi'D-^^^^^ziiy K{c:*:i?^^fFffl 
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anf?*^, mmm=jr. nmikx 



Table V. Affinities of Various Glucosides 
for the Purified Enzyme 



Km (M) 


Genistin 


6. 25x10-5 


NPG 


1. 98X10-^ 


Phenyl -i^-D-glucoside 


4. 57X10-* 


Arbutin ' 


6. 72x10-* 



6. 25 X 10-5 m; NPG of 0. 2-^2. Ox 10-3 M.; phenyl- 
i5-D-glucoside of 0. 1--2. Ox IO-^m ; arbutin of 
0. 4'->10x10-8m. 

The reaction mixtures contained 1. 25—4. 40 
units of enzyme, various glucoside as indicated 
and O. IM acetate buffer (pH 5. O). and incubated 
for 5-^10 minutes at 40'C. 

Enzyme activities of the mixtures were 
measured as described in "Experimental." 



bJi ffi 3 ix 6.7. 4'-trihydroxyisoflavone 

>5r-^^^V, -tts:^'h 5.7.4'-trihydroxyisoflavone 
OMtift:^:^^ ^5. 6.7*4'-trihydroxyisoflavone (O di- 
methoxy(6, 4'-) afromasin ^i, 1960:^ McMurry 

p3(9)}C.J; t), African hardwood X ^ ^j^Me^Hfz, 6 7- 
4'-trihydroxyisoflavone tit., afromasin igS^e 
afromasin O^fC^fC X D ^B^et^{Cf# ib^L -C I > f£ i'C 

v-<-f ;5*e>cOiKSfi, >$r^-^^^ vcD,^ 1/100 

SL?$jfiigf4tier--;?;^^ l/5@st^ 
IfMo^g-C'^^tc^fb^ 5 i^, iiS^fb^fffi (PV) ^ 
TBA (2.^;^^^7^t^5^->r^^,^) o_h^;5t^LiN(i>. 
^<oc tit, :kim^^tH^^^:^T-{ V. ^^-f -feM V-?: 
OfficD ^ y >r ^ ^ggjg^j^^ Rhizopus oligosporus 

•C^:5 x-f V, ^V-fe*-f VTt P> t>'^c 6.7. 4'-tri- 

hydroxyisoflavone fs: E-^mm^^fci^ km^U 
«rfT^£o/c%Ot'^;5;5s St^jfiLgtt^Oft % ggix 6.7. 
4'-trihydroxyisoflavone (Ommi^^mti^m U T V - 



^•CV^^Cl>;&S Ty^^ X^id-m^fc Factor^ 
:7pt> 6-7-4'-trihydroxyisoflavone ft, J 

;5^"^;?;^^ v/jWjif, Rhizopus m<D^^-f'^ ^ x 

4L<ii 5.7-dihydroxy V 
hydroxy ^d'^SIftg&ihWl^fF/fi l^-ic Factor 2^ 
6.7-ortho-diphenolic group (O diketone 

3i©fk#;0 free radical OSg^^fcgi^Vo % o 

t^o"C. Rhizopus m^^m-t^ B-rL"^ 

^'--fe'O^i-Sfljlt^^U^. Factor 2 OggJ^^. 

(1) Srt^ Rhizopus olig^ 

sporus (D M ffi ^ gfE^^iSj U ffi^^^ ^ ^| 

^SlilitWi, Amberlite CG-50 :^ ^ ^ ^ v: ^ }^ ^ ^ ^ ^ ^ 

1400 i^jc^fb$tL7^i?^:§r 43% conjimxmfz, i 

(3) ^OmM^«Oitf4M:^^S^U^^«, mm 

pH ft 5. 0 -c^ pH S^iiJi pH 2^9 -cifctta^iS® - 

^^trPlS^^, J; f; ^^^^ t^- ' 

h . SH -e^ :5 C i: d'-^Sg $ ixfz . 
(4) ^SHi-oi^T. ^ ^--^V y^mWn Km ^^7^<i,fz 
^ j;^ ^ vjc - ^ ifw = 5 25 X 10-« M, NPG JC 
>fifi-;5 i^wi = l. 98x10-^ M, :7:^---/i. l3-D-^-r^z2iy}r 
KMi^^ Km = 4. 57 xlO-^M, T ^i- v'^ 1/ \:Ly^~f^ Km 
=6. 72 X 10-* M -c^ ^ y v@?^f^co3r^^^^y;c 
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STRUCTURAL STUDY OF ISOFLAVONOIDS POSSESSING 
ANTIOXIDANT ACTIVITY ISOLATED FROM THE 
FERMENTATION BROTH OF STREPTOMYCES SP. 

ShINJI FuNAYAMA, YuMI AnRAKU» AKIRA MITA, KaNK! KOMIYAMA 

and Satoshi Omura* 

The Kitasato Institute, and School of Pharmaceutical Sciences, Kitasato University, 
5-9-1 Shirokane, Minato-ku, Tokyo 103, Japan 

(Received for publication April 17, 1989) 

Structures of three antioxidant isoflavonoids isolated from the cultured broth of Strepto- 
myces sp. OH- 1049 were shown to be 4',7,S-trihydroxyisoflavone (1), 3',4\7-trihydroxyiso- 
flavone (2) and 8-chloro-3',4',5,7-tetrahydroxyisoflavone (3), respectively. Among them, 3 
is a novel isoflavonoid possessing a chlorine atom in the molecule. 

Compound 1 was synthesized and its antitumor activities were tested against IMC 
carcinoma, SI 80, P388 leukemia and P388/ADM leukemia /// vivo. As a result, 1 showed 
139% increase in life span (ILS) against S180 bearing mice whereas it showed slight or no ILS 
against IMC carcinoma, P38S leukemia and P388/ADM leukemia bearing mice. 

In the course of a screening program for novel antibiotics showing antioxidant activity, three 
active components were isolated from the fermentation broth of Streptomyces sp. OH-1049 and char- 
acterized as 4',7,8-trihydroxyisofiavone (1), 3',4',7-trihydroxyisoflavone (2) and 8-cliloro-3',4',5,7- 
tetrahydroxyisoflavone (3), respectively. 

The taxonomy of the producing organism, fermentation, and isolatio'n of the active components 
and antioxidant and anti HeLa S3 activities of these antibiotics were reported in the preceding paper^^ 
This paper deals with the physico-chemical properties and structure elucidation of 1-^3 and synthesis 
and antitumor activity tests of 1. 

Materials and Methods 

General Experimental Procedures 

MP s were determined using a Yanagimoto MP-3 hot stage microscope and are uncorrected. UV 
spectra were recorded on a Shimadzu model UV-200S spectrophotometer and IR spectra on a Jasco 




1 R^=Rj.=H R3=R4-=OH R3=:H Ro=OH 

2 Ri=rR,==H R3 = OH R4-=H Rj-Ro-OH 

3 Ri=ok R, = H R3-OH R4=Cl R, = R, = OH 

4 Ri=-R2 = H R3=OAc R4-H R, = Rc = OAc 

5 Ri=OAc R, = H R3 = OAc R4 = Cl R3 = R8=OAc 

6 Ri=OH Rs = Cl R3-OH R4-=R3==H Rg^OH 

7 Ra=OH R.=Cl R3-OH R4==Cl R5=H Re==OH 
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model A- 102 interferometer. MS were obtained with a Jeol model DX-300 mass spectrometer. 
*H and '^C NMR spectra were recorded on a Varian XL-400 instrument. DC-Fertigplatten Kieselgel 
60 (Merck) was used for TLC analysis and for preparative TLC. TRI Rotar-V (Jasco) and Uvidec- 
100 (Jasco) instruments were used for HPLC with a column of YMC A-303 (Yamamura Chemical 
Laboratory; 4,6 i.d. x250 mm) eluted with MeOH - H-O (39 : 11) as solvent. 

Isolation of 1 ^3 

Isolation procedures of l'^3 were described in the preceding paper*\ 
Preparation of 3\4\7-Triacetoxyisoflavone (4) 

Compound 2 (10 mg) was acetylated using pyridine (0.5 ml) and Ac«0 (0.5 ml) to afford 3',4',7- 
triaceioxyisoflavone (4, yield 12.0 mg). 

Preparation of 8-ChlorO'3\4\5,7-tetraacetoxyisoflavone (5) 

Compound 3(18 mg) was acetylated using pyridine (0.5 ml) and AC2O (0,5 ml) to afford 8-chloro- 

3',4',5,7-tetraacetoxyisoflavone (5, yield 9.0 mg). 

Preparation of 4\7,8-Trihydroxyisoflavone (1) 

4',7,8-Trihydroxyisoflavone (1) used for antitumor activity tests was prepared by applying the 
ethyl orthoformate method reported by Karmarkar-\ 

Antitumor Activity Tests of 4\7,8'Trihydroxyisoflavone (1) 

Female CDFj and ICR mice (6-week old) were purchased from Shizuoka Laboratory Animal 
Center. 

Tumor cells were maintained in ascitic form by serial ip passaging in mice. Tumor cell lines and 
mice used in the present experiment are described in Table 2. In all tumor models, the agent was 
administered ip as 9 doses on days I '^9 after tumor inoculation. 

Antitumor activity of the samples on ascitic tumor was evaluated by the increase in life span (ILS): 
(T/C-l) x 100%, where "T" is the mean survival days (MSD) of the treated group and "C" is the 
MSD of the control group. 

Results 

Physico-chemical Properties of 1-^3 
Physico-chemical properties of l'^3 are summarized in Table 1 and IR absorption spectrum of 
3 is shown in Fig. 1. Compounds l'^3 gave positive color reaction with iodine, 50% sulfuric acid 
and FeCIa solution and was negative to ninhydrin reagent. 

Table 1 . Physico-chemical properties of 1^-3. 





1 


2 


3 


Appearance 


Colorless powder 


Colorless powder 


Pale yellow powder 


Molecular formula 


C15H10O5 


CisHioOa 


Ci^H^OeCl 


MW 


270 


270 


320.5 


Rf value* 


0.23 


0.24 


0.36 


UV /^lO" nm 


260 


248, 259. 292 


264, 293 (sh) 


;MeOH-NaOH 


276 


257, 335 


278, 331 (sh) 




258 


248, 259, 292 


264. 293 (sh) 




3460, 3180, 1674, 


3440, 3230, 1620, 


3340, 1645, 1612, 




1578, 1560 


1590 


1259 



CHCI3 . MeOH (9 : 1). 
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Fig, I. IR spectrum of 8-chloro-3',4',5,7-tetrahydroxyisoflavone (3) (KBr). 
100 , , 
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Structure Elucidation of I '^3 
Three active components 1^3 were proved to be isoflavonoids because of their characteristic 
UV absorption spectra** and the existence of lower field singlet in their NMR at d 8.22, 8.07, 
and 8.17, respectively. 

In the fast atom bombardment (FAB)-MS of 1, 293 ((M-rNa)"^) was observed and the molecular 
formula of this compound was estimated to be CiaHK^Oa. On the other hand, in the NMR spec- 
trum of this compound signals attributed to seven hydrogens were observed including a set of A.B* 
type signals attributed to B-ring of the isoflavone skeleton (d 6.93 (2H, d, /=8 Hz) and 7.46 (2H, d, 
y=8 Hz)) and a set of doublet (o 6.93 (1 H, d, J=8 Hz) and 7.53 (IH, d, 7=8 Hz)). The bathochro- 
mic shift of the UV absorption maximum (Band II) from 260 to 270 nm by addition of NaOAc in- 
dicated the presence of 7-OH moiety in the structure''* and the set of doublet signals was assigned to 
6-H and 5-H, respectively. From the accumulated data described above, structure 1 was concluded 
to be 4',7,8-trihydroxyisoflavone. 

The molecular formula of 2 was established to be Ci^HioOj through high resolution (HR)-MS 
analysis (M+ obsd 270.052, calcd for C^.H.oO;, 270.053). In the ^H NMR spectrum of 2, three 
signals coupled each other at d 6.81 (IH, dd, J=2 and 8 Hz), 6.82 (IH, d, 7=2 Hz) and 8.03 (IH, d, 
J=S Hz) were assigned to 6-H, 8-H and 5-H, respectively and the other set of three signals (o 6.84 
(IH, d, /-8 Hz), 6.92 (IH, dd, /=2 and 8 Hz) and 7.01 (IH. dd, /-2 Hz)) was assigned to the 
B-ring of the isoflavone skeleton. Finally, the structure of 2 was concluded to be 3',4',7-trihydroxy- 
isoflavone through the NMR spectroscopic studies of the triacetyl derivative of 2 (4). 

It was found that compound 3 contained a chlorine atom in the molecule through MS analysis 
and the molecular formula of this compound was established by HR-MS to be CuHgOaCl (M+ obsd 
320.004 and 322.002, calcd for CisHpO.Cl 320.008 and 322.006). By acetylation of this compound, 
tetraacetate (5, M"^ 488 and 490) was obtained and in the ^H NMR spectrum of 5, a singlet at d 6.59 
(IH, 6-H or 8-H), a set of three signals (3 7.28 (IH, d, 7=8 Hz, 5'-H), 7.41 (IH. dd, /=1 and 8 Hz, 
6'-H) and 7.42 (IH, d, J=l Hz, 2'-H)) attributed to the B-ring, and a typical lower field singlet at 
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Fig. 2. Fragments observed in the electron impact MS of 8-chloro-3',4'.5,7-tetrahydroxyisoflavone (3). 



OH 



tn/s 188, 186 



HO 




HCSC-v^^j^^v^OH 



OH 



w/z 324, 322 (M+) 



mjz 134 



Fig. 3. LSPD experiments of 8-chloro-3',4',5,7-tetrahydroxyisoflavone (3). 



6 162.0 



4 Hz 

5 6 




S 162.7 



8.00 



V y ^^ - 



162.7* 



^^C-^H coupling 



Irradiated 
S 6.37 



Reference 




V 





d 8.00 (2-H) were observed. These observations indicated that a chlorine atom was attached to the 
A-ring. The MS fragments m/z 134, 186 and 188 derived from the cleavage of 3 (Fig. 2) also sup- 
ported this hypothesis. In the UV absorption spectral study of 3, 12 nm bathochromic shift was 
observed when the spectrum was taken in MeOH - NaOAc and in MeOH - AlClg-HCl, respectively. 
These facts indicated that the isoflavone possessed both 7- and 5-OH. From the observations described 
above, structure of this compound was elucidated to be 6-chloro-3',4',5,7-tetrahydroxy- or 8-chloro- 
3',4',5,7-tetrahydroxyisoflavone. Through the long range selective proton decoupling (LSPD) ex- 
periments of 3, signals at d 146.5 and 147.2 were assigned to C-3' and C-4', respectively and d 155.1 
was assigned to C-8a position because this signal was simplified by the irradiation at d 8.00 (2-H) and 
d 162.0* and 162.7* were assigned to C-5 and C-7 (*exchangeable). When a singlet at d 6.37 (IH, s, 
6-H or 8-H) was irradiated, it was observed that both of the signals at d 162.0 and 162.7 (C-5 and C-7) 
was simplified to be singlets (Fig, 3). From these observations the singlet at 5 6.37 was assigned to 
6-H and the structure of this compound was concluded to be 8-chloro-3',4',5,7-tetrahydroxyisoflavone 
(3). ^^C NMR assignments of 3 are accomplished as follows: 155.0 (C-2), 125.3 (C-3), 182.3 (C-4), 
106.9 (C-4a), 162.0 (C-5 or C-?), 100.8 (C-6), 162.7 (C.7 or C-5). 99.7 (C-8), 155.1 (C-8a), 123.7 (C-l'). 
117.7 (C-2'), 146.5 (C.30, 147.2 (C-4'), 116.6 (C-50 and 122.1 (C-eO- 

Antitumor Activity Tests of 4',7,8-Trihydroxyisoflavone (1) 
Antitumor activities of 1 are shown in Table 2. 
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Table 2. Antitumor activity of 4',7,8-trihydroxyisoflavone (i). 



Tumor Inoculuni size Dose . j^j^ ils 
and mice (mg/kg.'day) ( %> 

IMC carcinoma 1 x 10* cells/CDF^ — 14.7 0 

25 17.7 20 

100 20.0 36 

S180 1x10^ cells/ICR — U.O 0 

25 14.7 33 

100 26.3 139 

P388 leukemia 1 x 10*ceIls/CDFj — 9.0 0 

25 9.6 - 

100 10.0 n 

P388;ADM leukemia 1 x 10* cells/CDFi — 9.5 q 

25 10.0 5 

100 10.0 5 



Discussion 

A novel antibiotic, 8-chloro-3',4',5,7-tetrahydroxyisoflavone (3) was isolated from the cultured 
broth of Streptomyces sp. OH-1049 together with 4',7,8-trihydroxyisoflavone (1) and 3',4',7-irihy- 
droxyisofiavone (2). Compounds l'-3 are attributed to 8-hydroxy- and S'-hydroxydaidzein and 
8-chlorooroboI, respectively. 

Though compound 1 was synthesized previously=\ this is the first report of its Isolation from the 
natural source. Compound 2 was previously isolated from the heartwood of Machaerium villosum 
(Leguminosaey>, whereas this is the first report of its isolation as a fermentation product. Also, 
this is the first report of the antioxidant activities of compounds 1 and 2. 

Compound 3 is a novel isoflavonoid containing a chlorine atom in the molecule. The only known 
chlorinated isoflavonoids previously isolated are 6-chlorogenistein (6) and 6,3'-dichlorogenistein (7) 
which are metabolites of Streptomyces griseus grown in media containing soybean meaP^. 

Compound 1 was synthesized and its antitumor activity was tested. As indicated in Table 2, 1 
showed remarkable ILS on SI 80 bearing mice and slight ILS on IMC carcinoma transplanted mice, 
but 1 showed no ILS on P388 or P388/ADM leukemia bearing mice. 

a-TocopheroI has been proposed for treatment of the cardiotoxicity caused by doxorubicin*^ 
The mechanism of this protection is unknown, but it has been postulated that antioxidation is involved. 
Since compound 1 not only possesses an antioxidant activity but also possesses antitumor activity, it 
could play an important role in the treatment of tumors. 

We are now investigating further the biological activities of these compounds and their related 
compounds. The results will be reported elsewhere. 
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ABSTRACT 

An examination was made of the effects of 21 synthetic and 
naturally o^urring flavonoids on the in vitro growth of cells of the 
human breast carcinoma. ZR-75-1. In all cases, antiproliferative 
effects were noted, with an IC50 -nging from 2.7 to 33.5 ug/ml, 
except for the isof lavonoid. daidzin (IC50 > 50 ug/ml). No 
significant structure-activity relationship among the compounds could 
be found. Flavone. 6-hydroxyf 1 avone and 4'. 5. 7-tri hydroxyf 1 avone 
(apigenin) were the most potent with IC50 of 2.7. 3.4. and 3.5 ug/n-l. 
respectively. The flavonoid effects observed here were not due to 
cytostatic action alone, si nee eel 1 death was found to increase 
dose-dependently. according to the results of a dye exclusion test. 

INTRODUCTION 

It has been suggested that phenolic compounds in a fiber-rich 
diet, such as isoflavonic phytoestrogens and their metabolites, may 
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provide protective action against breast cancer (Adlercreutz ^ al 
1982: Adiercreutz. 1984). Indeed, plant flavonoids have been shown^^o 
possess anticancer or anticarcinogenic activity against certain 
experimental tumors (Edwards et 1979; Gassady et a].. 1988; Verma 

et al.. 1988). Recent reports Indicate the potential use of synthetic 
flavonoid. such as flavone acetic acid (NSC 347512) in warding off 
certain solid tumors (Bi ssery et al.. 1988: Corbett et al.. 1986; 
Plowman etal.. 1986: Zaharko et al., 1986). However, little research 
has been directed to the assessment of the direct effects of 
flavonoids on human breast cancer growth either in vivo or in vitro. 
The anti-cancer and possibly antiestrogenic properties of these 
compounds and the epidemiological finding, that breast cancer incidence 
is lower in areas where vegetarian or semi-vegetarian diets are 
consumed (Ounn. 1975: Miller. 1977: Wynder. 1980) prompted us to 
examine the effects of various synthetic and naturally occurring 
flavonoids on the in vitro growth of cells from the human breast 
carcinoma cell line, ZR-75-1 (Engel et al., 1987). 

MATERIALS AND MrrHnn<; 

Materials 

Flavonoids used in the present study were presented in Table 1. 
These were synthesized in our Laboratory as follows. Hydroxyf lavones 
(F-1. F-2, and F-3) were prepared by the general method of Baker 
(Baker. 1933) from the corresponding di hydroxyacetophenones. benzoic 
anhydride, and sodium benzoate. 2-Cyclohexylchromones (HF-1, HF-2. 
and HF-3) were obtained by Rh-AlgOa catalyzed hydrogenation of the 
corresponding hydroxyf lavones. Flavanol was obtained by hydrogenation 
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of flavone (F-0) as a main product. 8-Hydroxyi sof 1 avone (IF-2) was 
prepared by Friedel-Craft acylation of resorcinol with phenylacetic 
acid chloride in the presence of anhydrous AICI3 according to the 
procedure of Schuda (Schudaand Price, 1987). 2-Hydroxy-8-methoxy-2, 3- 
di hydroi sof 1 avone (SF-1) was prepared from methyl ati on of the corre- 
sponding 2, 3-dihydroisof lavone, which was obtained as a minor product 
in the synthesis of compound (IF-2). Methoxy flavonoids (F-4, F-5, F- 
6, HF-4, and IF-2) were prepared by methylation of the corresponding 
hydroxyf 1 avonoids. These synthetic flavonoids were identified by 
spectroscopic and analytical data or by a comparison with literature 
data. Apigenin (F-7) and 5-f 1 uorouraci 1 were purchased from Sigma 
Chemical Co., St. Louis, MO. 

RPMI 1640 medium and fetal calf serum were obtained from Difco 
Laboratory, New York. Penicillin and streptomycin were from Meiji 
Seika, Pharm.Co., Japan. All other reagents were of the best available 
grade. 

Cell culture 

ZR-75-1 human breast carcinoma cells (Engel et aj^,, 1978) were 
cultured at 37°C under 5 % C02-humidi f ied air in a RPMI 1640 medium 
(6IBC0) containing 10 % fetal calf serum (GIBCO), 100 units/ml of 
penicillin and 100 ug/ml of streptomycin. The procedure for cell 
counting is as follows: remove medium, rinse monolayer with fresh 0.25 
% trypsin and allow culture to stand at room temperature for 5-11 min. 
Add fresh medium, aspirate and dispense the suspension into new 
flasks. Single cells were washed with fresh medium 3-times and 
resuspended in the medium at a concentration of 2 x 10^ cells /ml. 
Cell viability following trypsini zation as determined by a dye 
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exclusion test using 0,16 % trypane blue was found to exceed 95 %. 
One ml of the cell suspension was placed in each well of a 24-well 
plastic plate followed by adding 10 ul of the test solution dissolved 
in ethanol, bringing the final concentration of each flavone to 1.0, 
10.0 or 50.0 ug/ml. Ten ul of ethanol were added to a control well. 
The effects of 5-f luorouracil at concentrations of 0.01, 0.1, and 1.0 
ug/ml were also examined. Living cell number was counted by the 
trypane blue dye exclusion test. 

RESULTS AND DISCUSSION 

Flavonoids inhibited cell proliferation in a dose-dependent 
fashion, as evident from Fig.2. In most cases, the effects were 
clearly apparent after 2 days of treatment and more pronounced at 3 
days but was not significant at the first day. The flavonoid 
concentrations required to inhibit exponential cell growth by 50 % 
(IC5Q) ranged from 2.7 to 33.5 ug/ml, except for the glycosylated 
isoflavonoid, daidzin (IF-4, IC50 > 50 ug/ml. Table 1). No structure- 
activity relationship among the flavonoids could be clearly 
discerned. Flavone (F-O), 6-hydroxyf 1 avone (F-2), and 4',5,7-tri- 
hydroxyf lavone (F-7, apigenin) were the most inhibitory, with IC5Q of 
2.7, 3.4, and 3.5 ug/ml, respectively. These effects of flavonoids 
were not due only to the cytostatic activity of the compounds, since 
cell death was found to increase dose-dependently, according to the 
results of a trypane blue dye exclusion test. As reported for 
flavone acetic acid (Axel son et al-, 1982), there is the possibility 
that these flavonoids cause extensive DMA strand breakage. In 
addition, if there is antiestrogenic action of i sof 1 avonoids 
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l^Adlercreutz et aj., 1982; Axelson et al., 1982), this would 
contribute partially to their inhibitory effects on breast carcinoma 
cell growth. But this point will require further study for 
conf i rmation. 

The flavonoid concentrations used in this study to inhibit 50 % 
cell proliferation (2.7-33.5 ug/ml) were a number of orders higher 
than that of the established anticancer agent, 5-f luorouraci 1 (Table 
1). The potency of these flavonolds to inhibit breast carcinoma cell 
growth is essentially the same as that reported by Edwards et al- in 
other cancer cell systems (Edwards et aJ., 1979). Thus, in spite of 
their occasional activity, these compounds as anti-tumor agents do 
not warrant additional study. However, from our preliminary study, 
it was noted that the urinary excretion rates of certain 
isof 1 avonoids reached 5 ug/h following the consumption of certain 
leguminous foods or galenicals in humans. This was accompanied by 
increase in the blood concentrations of these i sofl avonoids. Other 
studies have indicated the presence of i sof lavonoids in the biofluids 
of humans (Bannwart _et _al., 1984) and nonhuman primates (Adlercreutz 
et aJL-. 1986). These observations and the findings of the present 
study support the epidemiological importance in the prophylaxis of 
breast cancer of certain flavonoids of plant origin, either in their 
present form or as metabolites produced through the action of 
intestinal bacteria. 
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The influence of some fermentation parameters on vitamin B,2 formation by strains of Citrobacter freundii 
and Klebsiella pneumoniae isolated from Indonesian tempeh samples during tempeh fermentation was 
investigated. A decrease in fermentation temperature from 32 to 24°C led to a decrease in vitamin B,2 
formation. Inoculation of soybeans with different numbers of cells of C. freundii at the beginning of 
solid-substrate fermentation showed that only the velocity of vitamin formation and not the final amount of 
vitamin formed depended on the number of cells. The addition of cobalt and 5,6-dimethylbenzimidazole 
increased the vitamin 6,2 content of tempeh. Nevertheless, levels of incorporation of the two precursors Into 
the vitamin B,2 molecule were veiy low. Neither C. freundii nor K. pneumoniae possessed the genes encoding the 
enterotoxins Shiga-like toxin SLT IIA, heat-labile enterotoxin LT Ih, and heat-stable enterotoxin ST Ih, as 
Indicated by PCR. This result supports the suggested use of these two strains to form vitamin B,2 during 
tempeh fermentation in Indonesia. 



Tempeh (tempe kedelai) is a traditional fermented soybean 
food in Indonesia, where it serves as a cheap basic foodstuff in 
the nutrition of the Indonesian population. It is produced by 
cooking and hulling soybeans. After a soaking process, the 
soybeans are cooked once more. For solid-substrate fermen- 
tation (SSF), they are inoculated with molds of Rhizopus spp. 
In the traditional process, soybeans are soaked overnight, and 
spontaneous bacterial acidification takes place. In modern 
industrial processes in the Western world, bacterial acidifica- 
tion is replaced by artificial acidification with lactic acid. 
Tempeh is highly significant because of its high content of 
amino acids, fatty acids, and vitamins (3, 6, 17, 18, 20, 33). The 
most important vitamin is vitamin B,,, which is normally not 
found in vegetarian foodsluIVs (16) and which is formed by 
bacteria that accompany the fcrnicnlation process (20, 22, 28). 

In a screening for vitamin B, ^-producing bacteria isolated 
from Indonesian tempeh samples, a strain of Citrobacter 
freundii was found to produce the highest vitamin B,^ concen- 
tration during the tempeh SSF. A Klebsiella pneumoniae strain 
also formed large amounts of this vitamin (20). Besides vitamin 
B,2, these two strains also formed other water-soluble vita- 
mins, such as riboflavin and vitamin B^,. C freundii also 
produced vitamin B,, during the soaking of soybeans (8). 

Some strains of the family Entcrobacteriaceae are known to 
be capable of producing enterotoxins (5, 14, 19). Therefore, we 
investigated whether the aforementioned C. freundii and K 
pneumoniae strains possess three known genes for enterotoxin 
production: the genes for Shiga-like toxin SLT IIA (30), for 
heat-labile enterotoxin LT Ih (34), and for heat-stable entero- 
toxin ST Ih (24). 

The aim of the present work was to investigate the influence 
of fermentation parameters and additions on vitamin B,2 
formation. Furthermore, it was important to know whether the 
tested C, freimdii and K, pneumoniae strains possess genes 
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encoding enterotoxins, because the intention is to use the 
strains for tempeh fermentation. 



MATERL\LS AND METHODS 

Microorganisms. The mold Rhizopus oligosporus (isola 
Tebo), which was isolated from Indonesian tempeh (17) ai 
which provides high yields of water-soluble vitamins (20), w. 
used for tempeh fermentation. C. freundii (isolate 259) and i 
pneumoniae (isolate 274) were also added at the beginning « 
the fermentation process because they had been characterizt 
as producing high levels of vitamin B,2 during SSF (20). 

Microorganisms isolated from tempeh samples which h: 
been soaked according to the traditional process in our lab« 
ratory were identified on the basis of the key to the genera • 
Bergeys Manual of Detenninative Bacteriology (7) and checkt 
against the information in Bergey's Manual of Systematic Ba> 
teriology (21, 32). 

For PCR analysis, the following reference strains were use- 
Eschenchia coli C600 W34 (SLT Ila"*-), E. coli 2348/1 (SL 
IIA"), E. coli 0:128H- (LT" ST""), E, coli 0:6H- (LT 
ST"*-), and E. coli G 1253 (LT"** ST"); they were kind 
provided by H. Karch, Institut fiir Hygiene und Mikrobiologi^ 
University of Wurzburg, Wurzburg, Federal Republic of Ge 
many. E. coli C600 EWD 299 (iLT-^ ST") and E, coli HBK, 
SLM 004 (LT~ ST"^) have been described by Moseley et a 
(23) and were kindly provided by them. 

Process of tempeh fermentation. The modern tempeh fei 
mentation process was carried out in the standardized way i 
developed by Hering et al. (17), the beans (300 g, wet weight 
were inoculated with a spore suspension (1.8 ml) of / 
oligosporus Tebo (10^* spores ml of 0.9% NaCI"' corresponi 
ing to 6 X 30-^ spores g of beans"'). In fermentations wit 
C. freundii or K pneumoniae 1.8 ml of a cell suspension (1( 
cells ml of 0.9% NaCI" corresponding to 6 X 10"* cells g i 
beans" ') was added. After that, the beans were fermented i 
32X for 34 h. 

The traditional fermentation process was carried out a 
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TABLE 1. Nucleotide sequences of primer paiRi and PGR conditions used for the amplification of 



Primer 



enterotoxin genes 



PCR conditions 



Nucleotide sequence 



Denaturing 



Annealing 



Extension 



Expected 
size of 
fragment 



SLT IIA start 
SLT IIA stop 


5'-CCCGGATCCATGAAGTGTATATTATTTAAATGG-3' 
5'-CCCGAATTCTTATTTACCCGTTGTATATAAAAA-3' 


94 


9 

45* 


53 


s 

60 


72 


s 

60 


960 


LT Ih start 
LT Ih stop 


5 '-GCGTTACTATCCTCTCTATG-3' 
5 '-ATTGGGGGTTTTATTATTCC-3' 


94 


40 


49 


60 


72 


45 


320 


ST Ih start 
ST Ih stop 


5'-TCCCTCAGGATGCTAAAC-3' 
5 '-GC AACAGGTACATACGTT-3 ' 


94 


30 


47 


60 


72 


30 


244 



described by Baumann et al. (3) with C freundii only. Soybeans 
(one part) were washed and cooked with demineralized water 
(three parts) for 30 min. After a period of cooling down, the 
soaking water was inoculated with C>e«/2if« (3 X 10"^ cells ml 
of soaking water and the beans were soaked at 30^C for 15 
h. After separation of the beans and soaking water, the beans 
were hulled, cooked again for 30 min, surface dried, and 
divided into two portions. One portion was autoclaved before 
^5>F With the Rhizopiis sp.. and the other portion was not 
sterilized. 

The portion of the artificially soaked soybeans and the two 
portions of the traditionally soaked soybeans were divided into 
three parts each. One part was inoculated with the Rhizopus sp. 
and C. freiindii, the second part was inoculated with the 
RJnzopus sp. only, and the third part was inoculated neither 
with the Rhizopiis sp. nor with C freundii (control). 

As five fermentations under the same conditions had shown 
a maximal relative standard deviation of <9.2%, we did not 
replicate each fermentation. 

Variation of fermentation parameters. For analyzing the 
mfluence of incubation temperature, tempeh fermentations 
were earned out at 24, 28, and 32°C The influence of different 
numbers of bacterial cells on vitamin B,, formation was 
investigated by inoculating soybeans with suspensions of 10^ to 
10 cells ml (equivalent to 7 x 10*» to 7 X U)"" cells e of 
beans"'). ^ 

CobaU(iI)-sulfate-heptahydrate and 5,6-dimethylbenzimida- 
zole at a concentration range of 0 to 400 mg of bacterial 
suspension liter (equivalent to 0.135 to 2,7 jxg g of beans ' ' ) 
were added to the bacterial suspension, with which the beans 
were inoculated before SSF with the Rhizopus sp. The yield 
was determined by dividing the number of vitamin B,^ mole- 
cules formed by the number of precursor molecules added 

Determination of bacterial growth in tempeh. The growth of 
bactena in tempeh was determined as described by Hausler 
Bactena were spread out on plate count agar (E. Merck 
Darnistadt, Federal Republic of Germany) supplemented with 
cycloheximide (100 mg liter" '). 

Vitamin B^^ analysis. Vitamin B,2 analysis was done with a 
microbiological assay as described by Okada et al (28)- this 
assay is considered to distinguish between different foriiis of 
corrinoids: physiologically active vitamin B,2 (cobalamins), 
which can be used by humans, and analogous forms, which 
cannot be so used. All vitamin B,^ assays were executed in 
triplicate at two different dilutions, each analyzed eight times. 
1 he maximal relative standard deviation was s7 5% 

PCR analysis. For PCR analysis, C freundii (259), K. 
pneumoniae (274), and the reference strains were cultivated in ' 

ml of LB medium, containing (grams liter" M tryptone (10) 
yeast extract (5), and NaCl (10), (pH 7.5), at 2rC on a shaker 



(model G 76 Gyrotory water bath shaker; New Brunswick 
Scientific Co., Edison, N.J.) for 15 h at 200 rpm. In the case of 
SLT IIA, ampicillin (100 ng ml'^ Sigma Chemical Co., St. 
Louis, Mo.) was added to one of two parallel cultures because 
the formation of SLT IIA is sometimes enhanced in the 
presence of this antibiotic. 

The oligonucleotides used as primers for the amplification of 
a part of the SLT IIA gene were described by Gunzer et al. 
(13). The primers used -for the amplification of a part of the LT 
Ih gene were derived from the B subunit (34). For the 
amplification of a part of the ST Ih gene, the primers were 
derived from the ST sequence (24). The nucleotide sequences 
of the primer pairs and the PCR conditions used for the 
amplification of the three genes are listed in Table 1. All 
primers, which were purified by high-performance liquid chro- 
matography, were purchased from MWG-Biotech (Ebersberg 
Federal Republic of Germany). The PCR analysis was done as 
described by Schmidt et al, (30). 

RESULTS 

Influence of fermentation temperature. With both bacterial 
strains, fermentations performed at 32°C resulted in the high- 
est vitamin B,2 content (Table 2). Lowering the incubation 
temperature from 32 to 28°C and from 32 to 24°C resulted in 
a decrease in vitamin B, 2 content in tempeh. A further effect of 
the lowered temperature was a prolongation of the fermenta- 
tion time for the Rhizopus sp. from 34 h (32°C) to 50 h (28**C) 
and to 67 h (24°C). C freundii formed higher vitamin B,^ 
concentrations than K pneumoniae at all temperatures inves- 
tigated. 

Influence of cobalt and 5,6-dlmethylbenzimidazole. The 
addition of cobalt resulted in an increase in vitamin B„ 
formation (Fig. 1). Fermentations with AT. pneumoniae which 
were supplemented with low concentrations of cobalt(II)- 
sulfate-heptahydrate (0 to 100 mg liter" ') especially showed a 
steep increase in vitamin 8,3 content from 73 to 170 ng g of dry 
weight . The increase in vitamin B,2 content in fermentations 



TABLE 2. Formation of vitamin B,2 by C. freundii (259) and 
K pneumon iae (274) at different fermentation temperatures" 

Temp 

rc) 



Cyanocohalamin (ng g of dry wt " ') 



C. freundii 



Al pneumoniae 



24 
28 
32 



114 

130 
152 



74 
95 
135 



" The maximal relative standard deviation was ^7.5%. 
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cobaltC ll)-sulfate-heptahydrate (mg/l) 

FIG. 1. Formation of vitamin B,^ (cyanocobalamin) during tempeh 
fermentations by C freundii (259) (•) and K pneumoniae (274) (■) 
after the addition of cobaIt(II)-sulfate-heptahydrate. The maximal 
relative standard deviation was <7.5%. dwt, dry weight. 



with C freundii developed in a straight line with increasing 
cobalt concentrations, and vitamin B,2 content reached a 
maximal level of 290 ng g of dry weight" \ Nevertheless, the 
incorporation of the precursor was not really effective, as the 
resulting yields were very low and reached a maximal value of 
only 0.014 (data not shown). 

The addition of 5,6-dimethylben2imidazoIe also resulted in 
an increase in vitamin B,2 formation, especially at low concen- 
trations (0 to 100 mg lite'r- ') (Fig. 2). In contrast to fermen- 
tations with K pneumoniae, fermentations with C. freundii 
showed a further increase with concentrations of up to 300 mg 
liter '. The yields for the incorporation of 5,6-dimethylben- 
zimidazole into vitamin B,2 were also very low and reached a 
maximal value of only 0.013 (data not shown). The numbers of 
cells were not influenced by the addition of the two precursors 
and were comparable in all fermentations. 

Influence of inoculation of soybeans with different numbers 
of cells of C. freundii. The effect of inoculum size was investi- 
gated with the most effective vitamin B,2-producing organism, 
C. freundii. Although the initial numbers^ of cells differed from 
10 to 10" (g of wet weight"^ •), after 27 h all cell numbers 
approached 10'' to (g of wet weight"') (Fig. 3A) as a 
result of more rapid growth rates for small inocukiT After 27 h 



300 




100 200 300 400 

5,6-dimethylben2imidazole (mg/l) 

FIG. 2. Formation of vitamin B,, (cyanocobalamin) during tempeh 
fermentations by C freundii {259) (•) and K. pneumoniae (274) (■) 
after the addition of 5,6-dimcthylbcnzimidazole. The maximal relative 
standard deviation was s7.5%. dwt, diy weight. 




10 



30 



40 



20 
time (h) 

FIG. 3. (A) Numbers of cells of C. freundii (259) during ten 
fermentation after inoculation of soybeans with different numbc 
cells, wwt, wet weight. (B) Dependence of the formation of vitamii 
(cyanocobalamin) on the inoculation of soybeans with different i 
bcrs of cells of C. freundii (259). The maximal relative stan- 
deviation was £7.5%. dwt, dry weight. Symbols (for both panels 
K^; A, 10^; ■, lO*-; □, 10^ 10^ O, 10\ 



the vitamin B,, contents of the different fermentations reat 
nearly the same range of 150 to 160 ng g of dry weight" 
accordance with the increase in the cell numbers (Fig. 3B 

Influence of the preparatory treatment of soybeans for .' 
on vitamin B|2 formation. Different techniques were compj' 
with regard to vitamin B12 formation during SSF. The fern 
tation carried out with lactate soaking of soybeans and in wl 
the soybeans were inoculated with the Rhizopus sp. and 
freundii for SSF resulted in the highest vitamin B,2 level (T; 
3). Tempeh prepared with traditionally soaked (soaking w: 
inoculated with C freundii) soybeans which were also inc 
lated with the Rhizopus sp. and C. freundii before SSF sho\ 
low vitamin B12 levels. 

There was also a difference between tempeh prepared v 
autoclaved and nonautoclaved soybeans. In a sample prepa 
with autoclaved soybeans, only C. freundii could be detec 
after SSF with C. freundii. In a sample prepared with non 
toclaved soybeans inoculated with C, freundii, Bacilius cei 
was also isolated. Tempeh prepared with traditionally soa 
(with C freundii), nonautoclaved soybeans inoculated with 
Rhizopus sp. and C. freundii for SSF contained higher vitai 
B,2 concentrations than tempeh prepared with tradition, 
soaked (with C. freundii), nonautoclaved soybeans inocuhi 
with only the Rliizopus sp. 
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TABLE 3. Formation of vitamin B,, (cyanocobalamin) and 
numbers of cells during tempeh fermentations carried out under 
various conditions" 



h 

Method of fcmcntstion 


Cyanocobaiamin 

(ng g of diy 
wi~*) produced 


Total plate count of 
C> fhcunilu on plate 
count agar (10^) 


R. oligosponts + C jreiinaH 






Lactate soaking 






Autoclaving 


48.8 


35.0 


No autoclaving 


33.0 


50.0 


R. oligosponts 






Lactate soaking 


Niy . 


ND 


Autoclaving 


ND 


ND 


No autoclaving 


23.2 


5.0 


Control 






Lactate soaking 


ND 


ND 


Autoclaving 


ND 


. ND 


No autoclaving 


3.5 


0.1 



" The maximal relative standard deviation was £7.5%. 
For no autoclaving, beans were soaked overnight with C. fivundii and cooked 
but not autoclaved after soaking. For autoclaving, beans were soaked overnight 
with C freundii, cooked, and autoclaved. For lactate soaking, beans were soaked 
with lactate and autoclaved after soaking and cooking. 
ND» not detectable. 



Control soybeans (without any inoculation before SSF) 
soaked in the traditional way (with C. freundii) and not 
autoclaved also contained vitamin B,,. In these beans, C. 
freundii, B. cereiis, and Micrococcus luteus could be detected. 
Fermentations carried out with traditionally soaked and with 
lactic acid-soaked beans, both of which were autoclaved after 
soaking, resulted in no vitamin 8,3 when inoculation for SSF 
was done with the Rhizopus sp. alone. 

Detection of the enterotoxin-encoding genes by PCR. Tests 
for the three enterotoxin (SLT IIA, LT Ih, and ST Ih) genes 
were negative for C. freundii and for K pneumoniae. Figure 4 
shows the test for the enterotoxin ST Ih gene, 

DISCUSSION 

The fact that vitamin B,2 production by C. ficundii or K. 
pneumoniae is increased by raising the fermentation tempera- 
ture is in contrast to the amounts of free amino acids (2, 6) and 
the content of -Y-Iinolenic acid (17) in tempeh, which are 
improved by lowering the fermentation temperature from 32 
to 24**C. As vitamin B|2 production is coupled to the growth of 
the bacteria (11), it is obvious why more vitamin B,2 is formed 
by the bacteria at 32 than at 24**C. 

The increase in vitamin B,2 concentrations with the addition 



9 8 7 11 11 




FIG. 4. PCR products of the gene for heat-stable enterotoxin ST 
Ih. 1, a freundii 259; 3, IC pneumoniae 274; 7, £. coli 0:128H* (LT" 
ST-^); 8, E. coli 0:6H- (LT* ST*); 9, E. coli G 1253 (LT* ST"); 11, 
£. coli HBlOl SLM 004 (LT" ST*); 12, ladder (in base pairs). 



of cobalt shows that the cobalt content in soybeans is subop 
timal for vitamin B,^ production by C fieundii or K. pneu- 
moniae. Although the addition of cobalt and 5,6-dimethylben- 
zimidazole leads to an increase in vitamin B,2 production b\ 
both strains, their incorporation is poor, as shown by the lou 
yields. Moreover, supplementation with these precursors is noi 
necessary, as the vitamin B|2 concentration produced in tem 
peh by either of these two strains would be high enough li 
meet the daily requirement of an adult person. 

Inoculation of soybeans with different numbers of celLs of C 
freundii showed that vitamin B,2 production is correlated witl 
the growth of the bacterium. This was also confirmed foi 
Propionibacteriuni freudenreichii (11). The rate of vitamin B, 
production by C. freundii depended on the number of cells ir 
the inoculum but not the final amount. 

The low level of vitamin B|2 in the fermentation witl 
traditionally soaked, nonautoclaved soybeans additionally in 
oculated with C freundii before SSF can be explained by tht 
existence of a mixed culture in this tempeh sample. In mixct 
cultures with other bacteria C freundii does not produce a 
much vitamin B,, as it does in pure cultures, as proved ii 
another fermentation (data not shown). 

The appearance of C freundii and B. cereus in tcmpcl 
prepared with traditionally soaked, nonautoclaved soybean 
can be explained by the nonsterile conditions of the tcmpcl 
fermentation process, which imitates the process performed ii 
Indonesia. The results show that bacteria which arc prcscn 
during the soaking of soybeans can be transferred to SSF. li 
Indonesia, this fact is important, as the soybeans arc no 
inoculated with vitamin B,2-forming bacteria. In conclusion 
vitamin Bi2 formation only takes place if vitamin B,2-formin' 
bacteria that occur by chance are transferred from the soakinj 
stage by handling of the soybeans under nonsterile condition 
after the second cooking. 

Rhizopus spp. have a positive effect on bacterial growth. Thi 
reason is the hydrolyzing capacity of the mold, which supplic 
growth substrates, such as amino acids, for the nutrition of \\v 
bacteria (2, 20). Furthermore, protease inhibitors, such as th* 
Bowman-Birk iiihibitor, arc found in soybeans and can inhibi 
bacterial serine proteases (4). In contrast, the fungus form 
proteases of the aspartate type; these are not sensitive to th- 
inhibitor (1) and therefore can release amino acids in th- 
presence of serine protca.se inhibitors. 

In conclusion, the comparison of the different preparator; 
treatments of soybeans for SSF shows that the best way o 
reaching a high vitamin B,2 level is lactate soaking of .soybean 
and inoculation with a vitamin B,2-producing bacterium, sue! 
as C freundii 259, before SSF. 

The family Enterobactertaceae includes many pathogen i 
organisms, such as Salmonella typhi. Shigella dysenteriac, A 
pneumoniae, and Yersinia pestis. In addition, strains of E. cot 
and C freundii, which belong to the intestinal flora of hurnan^ 
can cause diarrhea via the production of enterotoxins (9, 1( 
12, 19, 23, 30, 31). Although tempeh contains many member 
of the family Enterobacteriaceae (25-27, 29), no reports exis 
about diarrhea occurring after the consumption of tcmpcl" 
Nevertheless, it had to be determined whether the two strain 
of C. freundii and K. pneumoniae used here possess the abilit 
to produce enterotoxins before they could be used for icmpc 
fermentation. As both strains were negative for three know 
enterotoxins and as they were originally isolated from Indonc 
sian tempeh, it can now be stated that their use in tcmpc 
fermentation should have no negative effect on tempeh coi 
sumers. 
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The isoflavone constituents in soybean seeds were investigated, and 9 kinds of isoflavone glycosides 
were isolated from the hypocotyls of soybean seeds. Three kinds were proved to be malonylated 
soybean isoflavones named 6"-0-maIonyldaidzin, 6".0-malonylglycitin and 6"-0-maIonylgenist.n by 
UV, MS, IR and NMR. The malonylated isoflavone glycosides as major isoflavone constituents m 
soybean seed were thermally unstable, and were converted into their corresponding isoflavone glycosides. 
All of the isoflavone components produced intensely undesirable taste efl-ects such as bitter, astringent 
and dry mouth feeling. 



Soybeans are known to contain the five 
isoflavone glycosides, genistin,*' daidzin/' 
glycitein l-0'li-o-g\ucos\dQ (glycitin),^* 6"-0- 
acetylgenistin^* and 6"-0-acetyldaidzin/» and 
their corresponding aglyconcs, daidzein, glyci- 
tein and genistcin (Fig. I), It has been reported 
that these isoflavone compounds possessed 
antihaemolytic,^* antioxidative,^* antifungal,*'* 
oestrogenic^* and antitumorial"* activities, and 
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2 Gl yet tin 

3 Gen i St in 

4 6**-(7-flalony idaidztn 



11 H H 
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5 6"-^iiaionylglycitin COCH«COO!I OCHa I! 

6 6"-^^«alonyUenistin COCH2COOH H OH 

7 6--tf-AccLyldaidzln COCHn H " 

8 6"-^^Acetylglycitin COCH3 OCH3 H 

9 6"-<7-Acetylgenistin CO CH3 11 0" 

Rg. I. Structures of the Isoflavones in Soybean Seeds. 



also exhibited undesirable bitter and astringent 
tastes.*^ ' In a previous paper/ the isolation 
of a new isoflavone, glycitein 7-0-/?-(6"-0- 
acetyl)-D-glucoside (6"-0-acetylglycitin), was 
reported, this forming part of one of the 
components responsible for the undesirable 
taste characteristics in soybean (Fig. I). 
Further investigation suggested that malonyl 
daidzin and malonyl genistin were likely to 
occur in soybean sced.*^* The presence of 
malonyl genistin has been reported in clover, 
and the use of malony daidzin from Pueraria 
lohaia as an aldose reductase inhibitor has been 
patented. 

In this paper, the isolation and chemical 
structure of the three malonyl isoflavone 
glycosides, and their taste characteristics are 
described. 

Results and Discussion 

Effect of extraction temperature on isoflavone 
composition 

To determine the extraction conditions for 
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15 



30 45 60 

5 Room Temperature 




30 

Time (min) 

Fig. 2. High-performance Liquid Chromatogram of 
70% Ethanol Extracts Obtained from the Hypocotyls of 
Mature Soybean Seeds at Room Temperature and at 80 C. 
I, daidzin: 2, glycilin; 3, gcnislin; 4, 6"-0-malonyldaidzin: 
5 6 "-0-malonylslycilin: 6, 6"-0-malonyigcnisiin; 7, 6 "- 
O-acctyldaidzin: 8, 6"-0-accty!glycitin: 9, 6".aaccty!- 
genislin; 10, daidzein; II. glycUcin: 12, genistein. Sec 
the experimental section for HPLC conditions. 



isoflavone compounds from soybean seeds, the 
isoflavone constituents extracted with 70% 
aqueous ethanol at SO^'C and at room 
temperature were compared by HPLC. As 
shown in Fig, 2, compounds 4, 5 and 6 were 
detected as the major constituents in the extract 
obtained at room temperature, whereas the 
major constituents in the extract at 80X were 
compounds 1, 2 and 3. This suggested that 
compounds 4, 5 and 6 were thermally unstable, 
and were converted into compounds 1, 2 and 
3. Previously,^ ^* compounds 1, 2, 3, 7, 8 and 



9 have been identified as daidzin, glycitin, 
genistin, 6"-0-acetyldaidzin, 6"-0-acetylglyci- 
tin and 6"-0-acetylgenistin by comparing their 
UV, MS and NMR spectra with published 
data.^-** The isolation of compounds 4, 5 and 
6 was effected and their structures determined. 

Structures of compounds 4, 5 and 6 

Compounds 4, 5 and 6 were isolated from 
the hypocotyl of soybean seeds (Perikan Co., 
Ltd.) according to the procedure given in the 
experimental section. 

Mass and UV spectral data for compounds 
4, 5 and 6 showed them to be daidzin, glycitin 
and genistin derivatives, respectively.-"****^* 
Prominent [M+H-86] ions due to the loss 
of malonate were observed in the FAB mass 
spectra of the three compounds, indicating 
that these were malonylated isoflavone glyco- 
sides.^^- 

Assignments from the ^H- and ^^C-NMR 
spectra of daidzin, glycitin, genistin, com- 
pounds 4, 5 and 6, were established by * ^C-^ H 
COSY spectra coupled with 'H-^H COSY 
spectra, and are summarized in Tables 1 and 
II. The ^^C' and ^H-NMR spectral data for 
demalonylated compounds 4, 5 and 6 prepared 
with 0.5 N aqueous Na2C03* were completely 
consistent with those of daidzin, glycitin and 
genistin, respectively. The »^C-NMR spectra 
of compound 4, 5 and 6 showed signals of 6 
167.9, 166.8 and 41.4 (COOR, COOH and 
-CH,- in a malonyl group), neither of which 
were detected in the spectra of their corre- 
sponding isoflavone glycosides. The low field 
methylene protons Ha-6" and Hb-6", and the 
chemical shifts of C-6" and C-5" in compounds 
4, 5 and 6 when compared with those of 
daidzin, glycitin and genistin indicated acyla- 
tion of the sugar moieties at C-6".*^"^^' 

Thus, the structures of compounds 4, 5 and 
6 were deduced to be 6"-0-malonyldaidzin. 
6"-0-malonylglycitin and 6"-0-malonylgenis- 
tin, respectively. As far as we know, this is the 
first report of 6"-0-malonylglycitin. The 
presence of 6"-0-malonylgenistin in clover*^' 
and of 6"-0-malonyldaidzin ' in Pucraria 
lobatct^'^^ has been described before, but not in 
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Table I. 



Malonyl Isoflavone Glycosides in Soybean 

*H-NMR Data for Isoflavone Glycosides from the Hypocotyl of 
Soybean Seed (400 MHz, in DMSO-t/s, ^h) 
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Daidzin 



Manonyl 
daidzin 



Glycitin 



Malonyl 
glycitin 



Genistin 



Malonyl 
genistin 



A and C rings 

C-2 

C-5 

C-6 

C-8 

OMe 

OH 
B ring 

C-2' and 6' 

C-3' and 5' 

OH 

Glucose moiety 

C-l " 5. 17 d (7.3) 



8.38 s 

8.05 d (8.8) 
7.14dd (8.8, 2.4) 
7.23 d (2.4) 



7.41 d (8.8) 
6,82 d (8.8) 
9.57 br 



8.35 s 

8.07 d (8.8) 
7.14d (8.8, 2.4) 
7.22 d (2.4) 



7.40 d (8.8) 
6.82 d (8.8) 
9.57 br 



8.37 s 
7.48 s 

7.32 s 
3.88 s 



8.32s 
7.47 s 

7.31s 
3.88 s 



8.41s 



8.39 s 



6.47 d (2.5) 6.47 d (2.5) 
6.72 d (2.5) 6.70 d (2.5) 



12.92 br 



I2.94br 



7.41 d (8,8) 7.40 d (8.8) 
6.82d(8.8) 6.82d(8.8) 
9.57 br 9.57 br 



7.40 d (8.8) 7.39 d (8.8) 
6.83 d (8.8) 6.83 d (8.8) 
9.66 br 9.64 br 



02"-5" ^ 
C-6"a > 3. 
C-6"b 3 



15-3.85 



Malonyl 
C-2" 



5.14d (7.3) 
3.1 5-3.80 m 
4.41 d (I 
4.lldd (Ij 

3.40 



5.18d (7.8) 



2.0) >3. 
:.12.0, 7.1) J 



15-3.85 



5.20d (7.8) 
3.1 5-3.80 m 
4.38d (12.2) 
4. 1 2 dd( 12.2, 6.8) 

3.38 



5.06 d (7,3) 



15-3.85 



5.12d(7.3) 
3.1 5-3.80 m 
4.36 d (12.0) 
4.12dd(l2.0,7.I) 



3.38 



soybean seeds. 

Isoflavone accumulation during the development 
of soybean seeds 

The accumulation of daidzin, genistin, 
glycitin and their corresponding malonylated 
forms in immature seeds during development 
followed from between 35 and 60 days after 
flowering (Fig. 3). Malonylgenistin and the 
genistin content increased during the late 
development of the beans, whereas malo- 
nyldaidzin and daidzin accumulated through- 
out the whole period. Minor isoflavone 
glycosides, malonylglycitin and glycitin, were 
also detected. The isoflavone content of the 
mature seed reported in Table TIT shows that 
malonylgenistin and malonyldaidzin com- 
prised 66% of the total isoflavones in the beaiis. 

Isoflavone content in mature soybean seeds 

The isoflavone content of mature soybean 
seeds was compared by using two extraction 
methods. Whole soybean seeds were divided 
into the seed coat, cotyledon and hypocotyl 
(containing the plumule and radicle), and each 
part was extracted at room temperature for 
24 hr or at %(fC for 15 hr by a lO-fold volume 



20000 



15000- 



10000- 



5000 




35 



60 



40 45 50 55 

Days after flowering 

Fig. 3. Isoflavone Accumulation during the Maturation 
of Maple Arrow Soybean Seeds. 

Immature seeds in pods harvested at variuous stages of 
maturation after flowering were used as the samples for 
quantitative analyses. Peak area shows the change in 
relative amounts of isoflavone glycosides for a certain 
dry weight. O. daidzin; glycitin; V, genistin; 
6 "-0-malonyldaidzin; ■. 6"-C?-malonylglycitin; 6"-0- 
malonylgenistin. 

of 70% aqueous ethanol. As shown in Table 
IV, the total isoflavone content of the 
hypocotyl part was 5,5 or 6.0 times higher than 
that of the cotyledons, and glycitin and its 
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Table II. »^C-NMR Data for Isoflavone Glycosides Isolated from the Hypocotyl 
OF Soybean (100 MHz, in DMSO-rfg, S^) 



Malonyl Malonyl ^ j j Malonyl 

daidzin ^'y^^''" glycitin genislin 



A and C rings 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 


153.3 
123.7 
174.8 
127.0 
115.6 
161.4 
103.4 
157.0 
118.5 


153.3 
123.7 
174.8 
127.1 
115.4 
161.1 
103.6 
157.0 
118.6 


153.1 

123.1 

174.3 

104.8 

147.4 

151.1" 

103.6 

151.2- 

117.9 


153.1 

123.1 

174.4 

104.8 

147.4 

151.2- 

103.6 

151.2- 

117.9 


154.6 
122.6 
180.5 
161.7 

99.6 
163.0 

94.6 
157.2 
106.1 


154.6 
122.6 
180.5 
161.7 

99.5 
162.7 

94.6 
157.2 
106.2 


B ring 

c-r 

C-2' and 6' 
C-3' and 5' 
C-4' 
OCH3 


122.3 
130.1 
115.0 
157.3 


122.3 
130.1 
115.0 
157.3 


122.5 
130.0 
114.9 
157.2 
55.8 


122.6 
130.0 
115.0 
157.2 
55.9 


121.0 
130.2 
115.1 
157.5 


121.0 
130.2 
115.1 
157.5 


Glucose moicly 
C-l" 
C-2" 
C-3" 
C-4" 
C-5' 
C-6" 


100.0 
73.2 
76.5 
69.7 
77.2 
60.7 


99.8 
73.0 
76.2 
69.7 
73.8 
64.1 


99.7 
73.0 
76.8 
69.6 
77.2 
60.6 


99.4 
72.9 
76.5 
69-6 
73.8 
64.0 


99.9 

73.1. . 

76.4 

69.6 

77.2 

60.6 


99.5 
73.0 
76.1 
69.6 
73.7 
64.0 


Malonyl 
COOR 
CH, 
COOH 




167.9 
41.4 

166.8 




168.0 
41.5 
167.0 




167,9 
41.5 
166.9 



- Assignments for these signals within the same column may be interchanged. 



Table III. Isoflavone Contest in Maplf. 
Arrow Soybkan Seeds" 

Amount" 

Compound (^g) 



Glycitin 
Genislin 

6"-0-Malonyldaidzin 
6"-0-Malonylglyciiin 
6 '-0-M alonylgenistin 



" Whole mature seeds were used. 
* per 100 g dry weight. 

derivative only occurred in the hypocotyl part 
of the soybean seed. Isoflavones were absent 
from the seed coat of soybean. While 
malonylated isoflavone glycosides were major 



constituents in the extract at room temperature, 
the contents of malonylated isoflavone gly- 
cosides in the extract at 80'C decreased 
significantly, and an increase in all isoflavone 
glycosides and acetyl isoflavone glycosides, 
with the exception of 6"-0-acetylgenistin, was 
observed. The acetyl derivatives may thus have 
arisen from corresponding malonyl derivatives 
as artifacts during the work-up procedures, as 
was pointed out by Horowitz et al}^^ 

Threshold values for the isoflavone components 
The threshold value and taste character of 
each isoflavone component were examined as 
described in the experimental section. All of 
the isoflavone components produced intensely 
undesirable taste characteristics such as bit- 



Hypocotyl 



nistin 



Malonyl 
genistin 



54.6 
22.6 
80.5 
61.7 
^)9.6 
63.0 
94.6 
57.2 
06.1 

.21.0 
30.2 
15.1 

:57.5 



99.9 
73.1 
76.4 
69.6 
77.2 
60.6 



154.6 
122.6 
180.5 
161.7 

99.5 
162.7 

94.6 
J 57.2 
106.2 

121.0 
130.2 
115.1 
157.5 



99.5 
73.0 
76.1 
69.6 
73.7 
64.0 

167.9 
41.5 
166.9 
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Malonyl Isoflavone Glycosides in Soybean 
Table IV. Content of Isoflavone Compounds in Soybean Seed" (mg/lOOg) 
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Room temperature* 



80 °e 



v.,ompo unu 


Hypocotyl 


Cotyledon 


Hypocotyl 


Cotyledon 




320 


45 


838 


145 


Olycitin 


485 


d 


1004 





Genistin 


118 


80 


246 


210 


6"-0-Malonyl daidzin 


423 


70 


8 


3 


A"-^.N/f !i Inn vl olvcttin 


445 




11 




6"-C?-Malonyl genistin 


144 


117 


4 




6"-0-Acetyl daidzin 


2 


2 


57 


8 


6"-0-Acetyl glycitin 


6 




89 




6"-0-Acetyl genistin 


105 


1 


39 


1 


Daidzein 


!02 


33 


35 


11 


Glycitein 






15 




Gcnistcin 


35 


48 


16 . 


14 


Total 


2185 


396 


2362 


392 



Suzuyutaka strain cultivated in Akita Prefecture in 1988. 
Extraction at room temperature for 24 hr. 
Extraction at 80 "C for 15hr. 
Not detected. 





Threshold Value (oN) 
10 ' 10 " 10 " 10-* lO '- 10 " 

1 1 1 1 -L- 1 


Daidzein 
Daidzin 

6" ^? Acetyldaidzin 
e"-^ Malorxyldaidzin 
Glycitein 
Glycitin 

S'-f^^AcetylRlycitin 
e"-<?-HalonylRlycilin 
Genistcin 
Cenislin 

S-'iT-Acetyigcnistin 
6~>^lla 1 ony 1 Rcn i St i n 


-•- 
-•- 

• 

-• 



Fig. 4. 

Seeds. 



Threshold Values of the Isodavoncs in Soybean 



terness, astringcncy and dry mouth feeling. 
The threshold values for daidzin and its relat- 
ed compounds were in the order of daidzin > 
daidzein = acetyl daidzin > malonyldaidzin (Fig. 
4). Those of the related compounds of glycitin 
and genistin were in the order of glycoside > 
aglycone ^ 6"-0-acyl glycoside, confirming 
the results by Francis for genistin and malonyl- 
genistin.-^* Matsuura et ai.^^^ have demon- 
strated that an increase in daidzein and genis- 
tein by the action of /i-glucesidase in soybeans 
during soymilk manufacturing process result- 
ed in an increase in the objectionable after- 
taste. It was, therefore, considered that the 



conversion of malonyl isoflavone glycosides 
into isoflavone glycosides during processing 
was necessary to produce soymilk with a very 
low degree of objectionable after taste. 

Experimental 

Spcclro.safpy. UV spectra (in methanol) were measured 
by a JASCO U-30 speetroineter, and NMR spectra were 
recorded on a J COL GSX-400 spectrometer (• H-NM R at 
400Mil/. and '^C-NMR at lOOMil/ in DMSO-J,,, with 
SiMe^ as an internal standard). IR spectra (in KBr) were 
recorded with a JASCO A-202 inslruincnl and mass spectra 
were recorded with a JCOL JMS IIX-I05. 

fsotafion of I he isojtavone compoumls. Soybean seed 
hypocotyls (500 g). which had been kindly supplied by 
Pcrikan Co., Ltd., were milled and extracted with a lO-fold 
volume of 70% aqueous ethanol at room temperature for 
30 niin. After filtering, the residue was repeatedly extracted 
three limes. After the combined liltrate was evaporated to 
dryness under reduced pressure, the extract was partitioned 
between water and l-buianol (1:1, v/v). After again 
evaporating to dryness, the butanol layer was repeatedly 
fractionated by Scphadex LH-20 column chromatography 
(5 X 74cm. methanol). TLC analysis showed successive 
elution of the soybean saponin A group, soybean saponin 
B group, glycitin, duidzin. and genistin fractions. Glycitin. 
compound 5. daidzin and compound 4 were isolated from 
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the glycitin and datdzin fraction by HPLC (YMC-Pack 
ODS AM-323-7 column. 10x250 mm; mobile phase of 
45% methanol). Genistin and compound 6 were obtained 
from the genistin fraction by HPLC (YMC-Pack ODS 
AM-323-7 column, 10x250 mm: mobile phase of 50% 
methanol). 6"-0-Acetyldaidzin, 6"-0-acetylglycitin and 
6"-0-acetylgenistin were isolated according to procedure 
reported in the previous paper.*'* 

Quantitative analyses of the isojiavones. Whole mature 
soybean seeds were lyophilized in a freeze dryer (FD-550, 
Tokyo Rikakikai Co.. Ltd.) and divided into the seed coat, 
cotyledon and hypocotyl (containing the plumule and 
radicle) parts. After each part had been milled. 0.5 g of the 
milled sample was extracted in screw-capped test tubes 
with 10 volumes of 70% elhanol for 24 hr at room 
temperature or for 15hr at 80'C. After centrifugation. the 
supernatant was used directly in quantitative HPLC 
analyses. 

To examine the change in isoflavone content during the 
development of the beans, the Maple Arrow variety was 
used. Plants were grown from seed under controlled 
conditions in a phytotron. The flowers were tagged every 
day. and the pods were harvested at various stages of 
maturation between 25 and 60 days after flowering. The 
immature seeds in the pods were lyophilized. milled and 
extracted with 70% aqueous ethanol at room temperature. 
After centrifugation, the supernatant was used directly in 
quantitative HPLC analyses. 

TLC ami HPLC analyses, TLC was carried out on a 
Kieselgel 60 Fjj^ plate (Merck), using chloroform-mclha- 
nol-2% acetic acid (7:3:1, v/v lower layer). The 
components on TLC plate were visualized by heating a 
120 C for lOmin after spraying with 10% HjSO^. /?/ values 
of compounds I -9 were 0.41, 0.45, 0.43. 0.08. 0.12, 0.10, 
0.56, 0.61 and 0.59, respectively. 

Quantitative HPLC analyses were performed on a 
YMC-pack ODS-AM-303 column (250 x 4.6 mm), using a 
linear gradient of acetonitrile from 15 to 35% containing 
constant 0.1% acetic acid in 50min. The solvent flow rate 
was I ml/min and the absorption was measured at 260 nm. 
The instrument used was a Waters HPLC system, 
comprising a Model 600E multi-solvent delivery system. 
Model 484 UV detector and Model 741 data module. 
Standard solutions used for quantitative analysis were 
prepared from 9 kinds of isoflavone glycosides isolated by 
HPLC and 3 kinds of aglycones obtained from the 
corresponding isoflavone glycosides by 5% HjSO^ 
hydrolysis in 50% ethanol. 

Threshold value. Each sample solution (IO''mM) was 
diluted stepwise in tenths to a fmat concentration of 
10'' mM. The tests were carried out initially with the 
10"' mM sample solution until the panelists detected the 
taste of the sample. This lowest detectable concentration 
is defined as the threshold value. 



Compound 4. mp 169X. UV A^, (nm) MeOH: 231 sh, 
248 sh, 258, 303 (loge 4.37, 4.47, 4.50, 4.00); +MeONa: 
237sh. 245sh, 279, 300sh: +AICI3: 231 sh, 247 sh, 258, 
303 sh: -HAICI3-HCI: 231 sh, 247 sh, 258, 303 sh; +NaOAc: 
248sh, 259, 304sh. IR v^,, (KBr): 1735, 1695cm-». 
High-resolution FAB-MS: found, m/r 503. 1 18 1 [M + H] ■"; 
calcd. for C^^HjjO,^. 503.1188. FAB-MS: ni/: 503 
[M-l-H]"", 417 [M + H-86]*, 255 [M + H -86- 162] *. 
EI-MS: m/: 254 [M -86- 162] • , 137, 118. 

Compounds, mp 145-C. UV A^, (nm) NeOH: 227 sh. 
260, 318 (logs 4.25, 4.42. 3.95): -l-MeONa: 284, 322 sh; 
4-AICli: 227 sh, 260, 31-7; + AICI3-HCI: 227 sh, 260, 318: 
+ NaOAc: 260.317. IR v;„„ (KBr): 1735, 1695cm-'. 
High-resolution FAB-MS: found, ni/: 533. 1285 [M + H] ^: 
ceiled, for C^sH.jOtj, 533.1293. FAB-MS: nt/z 533 [M 
+ H]". 447 [M-hH-86]*, 285 [M -h H -86- 162] ^. 
El-MS: m/r 284 [M -86- 162]^, 166. 118. 

Compound 6, mp 162"C. UV (nm) MeOH: 260. 
323sh (logfi 4.51, 3.59); -hMeONa: 271, 322sh, 357 sh: 
-I-AICI3: 272, 308 sh, 380; -hAlCl3-HCl: 272, 308 sh, 379; 
+ NaOAc: 261.329sh. fR v^,. (KBr): 1735, l695cm-». 
High-resolution FAB-MS: found, m/r 5 19. 1 169 [M + H] ^: 
calcd. for C24H>30,3. 519.1137. FAB-MS: ni/= 519 
CM-hH]*.433 [M + H-86]\ 271 [M -l-H -86- 162] \ 
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Three antioxidant isoflavonoids characterized as 4',7,8-trihydroxyisoflavone (1), 3',4',7- 
trihydroxyisoflavone (2) and 8-chloro-3'.4',5,7-tetrahydroxyisoflavone (3) were isolated from 
the cultured broth of Streptomyces sp. OH.1049. Among them, 3 is a novel isoflavonoid 
possessing a chlorine atom in the molecule. 

In in vitro studies, these antibiotics were found to possess antioxidant activity whereas 
showed almost no cytocidal activities against HeLa S3 cells. 

In the course of a screening program for novel antibiotics showing antioxidant activity, a fraction 
of fermentation broth of Streptomyces sp. OH-1049 which had been isolated from a soil sample col- 
lected in Kanagawa Prefecture, Japan showed 
potent antioxidant activity and three active com- 
ponents, 4',7,8-trihydroxyisoflavone (1), 3',4',7- 
trihydroxyisoflavone (2) and 8-chloro-3',4',5,7- 

tetrahydroxyisoflavone (3), were isolated. Ri ^ ^j^^x^qh 

The present paper deals with the taxonomy ^ Rj=R«=R4=H Rg^OH 

of the producing strain together with the produc- 2 Ri=R.=R3=H R4=QH 

tion, isolation and biological properties of these 3 "''^f^^^^^ 

antibiotics. Chemical characterization and ^ r|=r„=R3=R4=H 

structural studies of these compounds will be 
reported in a separate paper^^. 

Materials and Methods 

Taxonomic Studies 

The type of diaminopimelic acid (DAP) in the microorganisms was determined by the method 
of Hasegawa et alP 

To investigate the cultural and physiological characteristics, the International Streptomyces Project 
(ISP) media recommended by Shirling and Gottlieb^^ and those recommended by Waksman*^ were 
used. Cultures were observed after incubation at 2TC for 2 weeks. Color names and hue numbers 
indicated in Table 1 are those of Color Harmony Manual (4th Ed.)*\ The utilization of carbon 
sources was tested by growth on Pridham and Gottlieb's medium containing 1 % carbon source 
at 27°C. 
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Antioxidant Activity Tests 

Male Wistar rats were sacrificed by decapitation and exsanguination. To prepare a microsomal 
fraction, livers were collected and homogenized with cold 1,15% KCl and centrifuged at 10,000 x fir 
for 30 minutes. The microsomal fraction was sedimented by ultracentrifugation at 78,000 x fir for 
1 hour. The microsomal fraction was diluted with 150 mM KCl - 50 mM Tris-HCl buffer, pH 7.5 to 
make the concentration of protein to be 1.7 mg/ml. To this microsomal solution (1.0 ml) was added 
0.0425 m NADPH (0.1 ml), 2.0 mg/ml doxorubicin (ADM) and a sample solution (0.1 ml) and the 
total volume was adjusted to be 1.7 ml with KCl-Tris buffer (pH 7.4) and incubated for 1 hour at 37-C. 

After the incubation, lipid peroxide level was determined by the method of Uchiyama and 
MiHARA«^ slightly modified as follows. The solution (0.5 ml) was taken from each test tube and was 
mixed with 1 % phosphoric acid (3,0 ml) and 0.67% thiobarbital (TBA) solution (! .0 ml). The mixture 
was heated on a boiling water for 45 minutes. After cooling, 4.0 ml of BuOH was added and mixed 
vigorously. The butanol phase was separated by centrifugation and absorbance was measured at 
520 and 535 nm. The diffference was used as the TBA value. As a standard solution, 10 nmol of 
1,1,3,3-tetraethoxypropane was used. 

4',6,7-Trihydroxyisoflavone (4) and daidzein (5) were purchased from Funakoshi Pharmaceutical 
Co., Ltd., Tokyo, Japan. 

Antimicrobial Activity Test 

The antimicrobial activities of 1, 2 and 3 were tested using 6 mm paper discs (Toyo Seisakusho 
Co., Ltd.) and Mueller-Hinton agar medium (Difco) for bacteria and potato broth agar medium for 
fungi or yeasts. Antimicrobial activity was observed after 24 hours incubation at 37'C for bacteria 
or longer incubation at 27°C for fungi or yeasts. 

Anti HeLa Sa Activity Tests 

HeLa S3 cells were maintained in monolayers in Eagle's minimum essential medium (MEM) 
supplemented with 10% bovine serum and an antibiotic (60 //g/ml of kanamycin) at 37^C. 

To determine the cytotoxicity of 1, 2 and 3, HeLa S3 cells (5 x 10*) in 2 ml of medium were placed 
in a 30-mm Petri dish and incubated for 48 hours at 37*C in a 5% CO. - 95% air atmosphere. Each 
culture dish was filled with fresh medium containing a different concentration of the antibiotic. After 
further 72 hours incubation, the HeLa S3 cells were counted in hemocytometer. 

Results 

Taxonomy of the Producing Strain OH-1049 
The vegetative mycelia grow abundantly on both synthetic and complex agar media, and do not 
show fragmentation into coccoid or bacillary ele-» 
ments. The velvety aerial mycelia grow abundant- 
ly on inorganic salts - starch agar and glycerol - 




asparagine agar. The mature sporophores were 
of the Rectiflexibiles type and had more than 20 
spores per chain. The spores were oval in shape, 
l.lx0.7/«m in size and had a smooth surface 
(Fig. 1). Sclerotic granules, sporangia and flag- 
ellated spores were not observed. 

The type of DAP in the cell wall was deter- 
mined as LL by the method of Hasegawa et al,-^. 

The cultural and the utilization of carbon 
sources of OH-1049 are shown in Tables 1, 2 
and 3, respectively. 



Fig. 1. Scanning electron micrograph of spore 
chains of strain OH-1049 grown on inorganic 
salts - starch agar for 14 days. 
Bar represents 1.0 /tm. 
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Table 1. Cultural characteristics of strain OH-1049, 



Medium 



Cultural characteristics 



Yeast extract - malt extract agar» 



Oatmeal agar* 



Inorganic salts - starch agar* 



Glycerol - asparagine agar 



Glucose - asparagine agar 



Peptone - yeast extract - iron agar* 



Tyrosine agar* 



Sucrose - nitrate agar* 



Glucose - nitrate agar* 



Glycerol - calcium malate agar* 



Glucose - peptone agar* 



Nutrient agar** 



G: Moderate, light ivory (2ca) 
R: Light mustard tan (2ie) 
AM: Moderate, velvety, ashes (5fe) 
SP: None 

G: Moderate, penetrant, light Ivory (2ca) 
R: Light mustard tan (2ie) 
AM: Moderate, velvety shadow gray (5ih) 
SP: None 

G: Good, light wheat (2ea) 
R: Light mustard tan (2ie) 
AM: Abundant, velvety, ashes (5fe) 
SP: None 

G: Good, light ivory {2ca) 
R: Covert tan (2ge) 
AM: Abundant, velvety, ashes {5fe) 
SP: None 

G: Good, light ivory (2ca) 
R: Light mustard tan (2ie) • 
AM: Abundant, velvety, silver gray {3fe) 
SP: None 

G: Good, rose beige (4gc) 
R: Light amber (3ic) 
AM: Moderate, velvety, cream (I l/2ca) 
SP: Maple (4le) 
G: Good, ivory (2db) 
R: Clove brown (3pl) 
AM: Moderate, velvety, covert gray (2fe) 
SP: None 
G: Poor, colorless 
R: Light ivory (2ca) 
AM: Poor, powderly. light beige (3ec) 
SP: None 
G: Poor, colorless 
R: Pearl (3ba) 
AM: Poor, sand (3cb) 
SP: None 

G: Good, light ivory (2ca) 
R: Sand (3cb) 
AM: Moderate, velvety, ashes (5fe) 
SP: None 

G: Good, light ivory (2ca) 
R: Light wheat {2ea) 
AM: Moderate, velvety, white (a) or pearl gray (13dc) 
SP: None 

G: Good, light wheat (2ea) 
R: Bamboo (2gc) 
AM: Abundant, velvety, pussywillow gray (5dc) 
SP: None 



Abbreviations: G. growth of vegetative mycelium; R. reverse; AM, aerial mycelium; SP. soluble 
pigment. 

» Medium recommended by ISP. 

* Medium recommended by S. A. Waksman. 
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Table 2. Physiological properties of strain OH- 
1049. 

Melanin formation — 

Tyrosinase reaction — 

H:S production — 

Liquefaction of gelatin (21—22*0 ± 

Peptonization of milk Ol^'C) + 

Coagulation of milk OT'^C) — 

Cellulolytic activity — 

Hydrolysis of starch -r 

Temperature range for growth 10— 37°C 

+ : Active, ±: weakly active. — : inactive. 

The strain exhibits the following properties. 
Sporophore, Rectiflexibi/es; spores, oval and 
smooth surface; color of vegetative mycelia, light 
ivory; color of aerial mycelia, gray; soluble 
pigment, maple; DAP isomer in cell wall, ll- 
type. 

Based on the taxonomic properties described 
above, strain OH-1049 is considered to belong 
to the genus Streptoinyces and to be a strain of the gray series of the Pridham and Tresner's 
system* \ The strain was deposited in the Fermentation Research Institute, Agency of Industrial 
Science and Technology, Japan, under the name Streptomyces sp. OH-1049 and the accession No. 
is PERM P-9858. 

Fermentation and Isolation of the Active Components 
A stock culture of the producing organism was inoculated into a 500-ml Sakaguchi flask contain- 
ing 80 ml seed medium consisting of starch 1.5%, glucose 0.2%, peptone 0.25%, yeast extract 
0.15%, meat extract 0.3% and CaCOg 0.25% (pH 7.0 before sterilization). The flasks were incu- 
bated at 27''C for 72 hours on a reciprocal shaker. Then 240 ml of the resulting culture were trans- 
ferred to a 30-liter fermenter containing 20 liters of medium consisting of glycerol 2.0%, soybean 
meal 2.0% and NaCi 0.3% (pH 7.0 before sterilization). The fermentation was carried out at 27^0 
for 72 hours using an agitation rate of 160 rpm arid an aeration rate of 60 liters/minute. The 20 
liters of the resulting culture were transferred to a 400-liter fermenter containing 200 liters of the same 
medium described above, and fermentation was carried out at the same conditions described above. 

The whole broth of Streptomyces sp. OH-1049 (200 liters) was extracted with EtOAc (200 liters) 
and the EtOAc layer was concentrated in vacuo to about 10 liters, washed with H.O (5 liters) and dried 
over Na^SO^ (anhydrous). Concentration of the EtOAc layer resulted in a brown oil. 

The brown oil was chromatographed over Silica gel 60 (Merck) using CHCI3 - MeOH as solvent. 
Fractions exhibiting antioxidant activity were collected and rechromatography of the active fractions 
over Sephadex LH-20 column chromatography using MeOH as solvent gave crude mixture of active 
components. Finally, three active components were purified through the preparative TLC using 
CHCI3 - MeOH (9 : 1) as solvent and/or preparative HPLC using a column of YMC A-303 (Yamamura 
Chemical Laboratory; 4.6 i.d. x250 mm) eluted with MeOH - H.O (39 ; 11) as solvent. 



Table 3. Utilization of carbon sources by strain 
OH-1049. 



Utilized: 


D-Glucose, D-fructose, 




D-mannitol, L-arabinose, 




D- xylose 


Weakly utilized: 


Sucrose 


Not utilized: 


L-Rhamnose, /-inositol. 




raflinose, melibtose 



Table 4. Antioxidant activity of and a-toco- 
pherol. 

Inhibitory percent of 
<5amrkU* malondialdehyde generation 





20» 


4 


0.8 


0,16 


1 


100 


100 


100 


40 


2 


100 


100 


70 


41 


3 


100 


100 


80 


32 


4 


100 


100 


90 


70 


5 


77 


20 


6 


6 


a-Tocopherol 


100 


100 


31 


34 



°- Concentration of sample 0«g/ml). 
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Aiitimicrobial Activity Test 
Isoflavonoids 1^3 showed no antimicrobial activities at the concentration of 100 /<g/ml against 
Xanthomoftas oryzae KB 88, Candida albicans KF 1, Saccharomyces sake KF 26, Mucor racemosus 
KF 223 (IFO 4581), Piricularia oryzae KF 180, AspergHlits niger KF 103 (ATCC 6275), Staphylococcus 
aureus KB 34 (FDA 209P), Bacillus subtilis KB 27 (PCI 219), Escherichia coli KB 8 (NIHJ), E. coli 
KB 176 (NIHJ JC-2), Pseudomonas aeruginosa KB 105 (P3), Micrococcus luteus KB 40 (PCI 1001), 
Bacteroides fragilis KB 169, Mycobacterium sniegmatis KB 42 (ATCC 607) and Acholeplasma laidlawii 
PG 8 KB 174. 

Antioxidant Activity Test 
Antioxidant activities of l'^5 and ^-tocopherol are shown in Table 4. The antioxidant activities 
of isoflavonoids 1 3 were comparable to those of 4 and a-tocopherol. 

Anti HeLa S3 Activity Test 
Cytocidal activities (MIC) of compounds 1 5 against HeLa S3 cells were 12.5, 6.3, 25.0, 12.5 and 
3.2 /<g/ml, respectively. 

Discussion 

A novel antibiotic, 8»chloro-3',4',5,7-tetrahydroxyisoflavone (3) was isolated from the cultured 
broth of Streptomyces sp. OH-1049 together with 4',7,8-trihydroxyisoflavone (1) and 3',4',7-trihydr- 
oxyisoflavone (2). 

Compounds 1^3 showed comparable antioxidant activity to those of a-tocopherol and 4',6,7- 
trihydroxyisoflavone (4) whereas daidzein (5) showed only weak activity (Table 4). An isoflavone 
derivative, 4',6,7-trihydroxyisoflavone (4) was isolated as an antioxidant component of Indonesian 
food "Tempeh" which was prepared by the action of Rhizopus oryzae on boiled soybeans* and 
daidzein (5) was obtained as an aglyconeof daidzin (daidzein-7-O-glucoside) isolated from soybeans^°\ 

Compounds 1*^3 were only obtained from the fermentation broth of Streptomyces sp. OH-1049 
using a cultivation medium containing soybean meal, whereas these compounds could not been ob- 
tained from the untreated soybean meal. These facts indicated that both soybean meal and Strepto- 
myces sp. OH-1049 are necessary for the production of l'^3. The physico-chemical properties and 
structure elucidation procedures of compounds 1~3 are described in a subsequent paper^\ 

We are now investigating the biological activities of these compounds and their related com- 
pounds further and results will be reported elsewhere. 
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Abstract — ^The activities of protein tyrosine kinase and phosphatidylinositol turnover have been found 
to be associated with cell growth and differentiation. We examined the effects of some inhibitors for 
these biochemical activities in human myelogenous leukemia cells. Genistein, which is known to 
inhibit the activities of protein tyrosine kinase, phosphatidylinositol turnover and topoisomerase II, 
induced nitroblue tetrazolium (NBT) reduction and lysozyme activity in ML-1, HL-60 and U937 cells. 
Morphological studies showed that genistein-induced differentiation of myelobiastic ML-1 cells into 
promyelocytes and of promyelocytic HL-60 cells into mature granulocytes. The differentiation- 
inducing effect of genistein was augmented by addition of lar,25-dihydroxyvitaniin D3 (VD3) or 
retinoic acid, VD3 being more effective than retinoic acid. Methyl 2,5-dihydroxycinamate, a protein 
tyrosine kinase inhibitor, had only a weak effect in inducing differentiation of ML-1 cells. On the 
other hand, psi-tectorigenin was more effective than genistein in inducing the differentiations of ML- 
1 and HL-60 cells. Psi-tectorigenin is reported to inhibit phosphatidylinositol turnover without 
inhibiting protein tyrosine kinase. Thus modulation of phosphatidylinositol turnover might be more 
important than that of protein tyrosine kinase activity for differentiation of some myelogenous 
leukemia cells. 

Key words: Differentiation, phosphatidylinositol turnover, psi-tectorigenin, myelomonocytic leu- 
kemia cells. 



INTRODUCTION 

Phosphatidylinositol turnover is implicated in 
cellular proliferation and differentiation [1,2]. Acti- 
vation of this system increases levels of diacyl- 
glycerol, which is an activator of protein kinase C, 
and inositol triphosphates, which rise intracellular 
Ca^"^ level [3, 4]. These second messenger molecules 
may play an important role in cellular signal 
transduction. On the other hand, protein tyrosine 
kinase activity is involved in the control of cell 
proliferation, carcinogenesis, and cell differenti- 
ation [5, 6]. Inhibitors of protein tyrosine kinase or 
phosphatidylinositol turnover are useful for studying 

Abbreviations: NBT, nitroblue tetrazolium; VD3, lcir,25- 
dihydroxyvitamin D3. 

Correspondence to: Makoto Makishima, Department of 
Chemotherapy, Saitama Cancer Center Research Institute, 
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these properties and functions. Genistein, which is 
known to be an inhibitor of protein tyrosine kinase 
activity, was found to induce differentiation of 
human myelogenous leukemia HL-60 cells [7] and 
a mouse erythroleukemia cell line [8]. However, 
this compound has effects on several other cellular 
events, such as DNA strand breakage [9] and 
phosphatidylinositol turnover [10] as well as tyrosine 
phosphorylation [11]. 

Thus it may influence cell differentiation through 
several different mechanisms. Therefore, in this 
study we investigated the effects of genistein and 
functionally related compounds on growth and dif- 
ferentiation of some human myelogenous leukemia 
cells. Our results suggested that induction of dif- 
ferentiation by genistein might be associated with 
its effects on phosphatidylinositol turnover in some 
human myelogenous leukemia cells. 
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MATERIALS AND METHODS 

Cell lines and cell culture 

Human leukemia ML-1 [12], HL-60 [13] and U937 ceUs 
[14] were cultured in suspension in RPMI 1640 medium 
supplemented with 10% fetal bovine serum at 37^C in a 
humidified atmosphere of 5% CO2 in air. 

Assay of cell growth and properties of differentiated cells 
Cells (10^/ml) were suspended in 2 ml of culture medium 
and cultured with or without inducers in multidishes (Cos* 
tar, Cambridge, MA). Cell numbers were counted with a 
Model ZM Coulter Coimter (Coulter Electronics, Luton, 
England) after various treatments for 5 days. Cellular 
viabilities after all the treatments in this study were more 
than 80%, determined by exclusion of trypan blue. Nitro- 
blue tetrazoiium (NET) reduction was assayed color- 
imetiically as described previously [15]. The reaction was 
stopped by adding 5 M HCl (1 M final concentration). The 
suspension was stood for 1 h at room temperature and then 
centrifuged and the medium was discarded. The formazan 
deposits were solubilized by adding dimethyl sulfoxide, 
and the absorption of the formazan solution at 560 nm 
was measured in a spectrometer. Lysozyme activity was 
determined using lysoplates containing 1% agar, 1/15 M 
sodium phosphate buffer ( pH 6.6) , 50 mM NaQ , and heat- 
killed Micrococcus lysodeikticus (0.5 mg/ml) [16]. The per- 
centage of cells that were morphologically similar to mature 
granulocytes or macrophages was determined in smears 
treated with Majf-Gninwald-Giemsa stain. 

Materials 

Genistein was purchased from Funakoshi Pharma- 
ceutical Co., Tokyo; a stock solution was prepared in 
dimethyl sulfoxide and diluted with ethanol before use. 
Methyl 2,5-dihydroxycinamate and psi-tectorigenin were 
prepared as reported previously [10, 17]. lcr,25-dihy- 
droxyvitamin D3(VD3) was obtained from Chugai Phar- 
maceutical Co., Tokyo. Retinoic acid {iHX-trans) was pur- 
chased from Sigma Chemical Co., St Louis. 



RESULTS 

Effects of genistein on growth and differentiation of 
leukemia cell lines 

Genistein, an isoflavone compound isolated from 
the fermentation broth of Pseudomonas sp., inhibits 
protein tyrosine kinase [11] and topoisomerase activi- 
ties [9], and phosphatidylinositol turnover [10]. We 
examined the effect of this compound on the growth 
and differentiation of various human myelomon- 
ocytic leukemia cell lines. On incubation with 
genistein for 5 days, the growth of ML-1 cells was 
inhibited dose-dependently, 2.7 ^ig/ml of genistein 
causing 50% inhibition. NET reduction is a typical 
marker of myelomonocytic differentiation of the cells 
[19]. The NET reduction activity of untreated ML-1 
cells (0.79 A56o/10^ cells) was increased dose-depen- 
dently by genistein (Fig, la). Lysozyme activity, 
another marker of functional differentiation [16], was 
increased about 6-fold by culture of ML-1 cells with 
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Fig. 1. Induction of NET reduction (a) and lysozyme 
activity (b) of ML-1 cells by treatment with genistein in the 
presence and absence of VX>3. Cells were treated with 
various concentrations of genistein in combination with 
Ong/ml (O), Ing/ml (•) or lOng/ml (A) of VD3 for 5 
days. Values are averages ± S.D. from three separate 
experiments. 

7.5(xg/ml genistein (Fig. lb). Examination of cell 
smears showed that untreated ML-1 cells had large 
round nuclei and basophilic cytoplasm like mye- 
loblasts, but that many genistein-treated cells had 
abundant azurophilic granules like promyelocytes 
(Fig. 2). Treatment of the cells with a higher con- 
centration of genistein (10 ^g/ml) for more than 6 
days did not induce their morphological differenti- 
ation into more mature granulocytes (Table 1). 

VD3 has been shown to induce monocytic dif- 
ferentiation of several leukemia cell lines, including 
ML-1 cells [19]. The NET reducing activities of cells 
treated with 1 and 10 ng/ml VD3 were 4.45 and 10.34 
Aseo/lO^ cells, respectively. The effect of VD3 was 
augmented in the presence of genistein (Fig. 1). After 
treatment of the cells with 2.5 and 5 jxg/ml genistein 
in the presence of 1 ng/ml VD3, their NET reducing 
activities were 17.27 and 25.99 Ase^/W cells, respect- 
ively. Similar results were obtained on treatment with 
genistein in the presence of 10 ng/ml VD3. Figure lb 
shows that, at suboptimal concentrations, genistein 
and VD3 had additive, or more than additive effects 
in induction of lysozyme activity of the cells. Mor- 
phological study showed that genistein-treated ML- 
1 cells were promyelocytic, but that VD3 induced 
monocytic differentiation of ML-1 cells (Table 1). 
After treatment with 5 fig/ml genistein and 1 ng/ 
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Table 1 . Effects of genistein and psi-tectorigenin on differentiation of ML-1 cells with and 

WITHOUT VD3 OR RETINOIC ACE) 



Treatment Induction of differentiation 



Morphological 





NBT reduction 
(Aseo/lO^ cells) 


Lysozyme 
(U/10^ ceUs) 


Bla 


Pro 


changes (%) 
MyeMo 


Gra 


M0 


None 


0.79 


2.9 


89 


10 


1 


0 


0 


Genistein 


4.34 


12.3 


14 


74 


11 


0 


1 


VD3 


4.45 


6.7 


32 


41 


26 


0 


1 


VDs+genistein 


25.99 


34.5 


0 


15 


64 


0 


21 


RA 


2.45 


4.0 


23 


30 


38 


9 


0 


RA+genistein 


8.55 


9.4 


1 


17 


71 


10 


1 


Psi-tectorigenin 


8.09 




14 


42 


41 


0 


3..r 



ML-1 cells were cultured with or without 5 jxg/ml of genistein in the presence or absence of 1 ng/ml 
of VD3 or 4 X 10 ^ M retinoic acid (RA) for 5 days. The cells were also treated with 10 \ig/m\ of 
psi-tectorigenin for 5 days. Bla, blasts; Pro, promyelocytes; MyeMo, myelocytes and monocytes; Gra, 
metamyelocytes and mature granulocytes; M0, macrophages. 



ml VD3, 21% of the cells were macrophage-like, 
whereas after treatment with 1 ng/ml VD3 alone, 
only 1% were macrophage-like. 

Retinoic acid has been shown to be a potent 
inducer of granulocytic differentiation of several 
human leukemia cell lines including ML-1 cells [19]. 
We examined its effect in combination with genistein 
on differentiation of ML-1 cells. Exposure of the 
cells to 4 X IQ-^ M retinoic acid induced about 3-fold 
increase in their activity for reducing NBT. Genistein 
enhanced the effect of 4 x 10"^ M retinoic acid addi- 
tively (Table 1). Similar results were obtained in 
studies on morphological changes of the cells treated 
with genistein in the presence of retinoic acid. 

Next, we examined the effect of genistein on the 
other human myelomonocytic leukemia cell lines, 
Genistein inhibited the growth of monoblastic leu- 
kemia U937 cells, causing 50% inhibition at 2.2 \ig/ 
ml, and induced NBT reduction dose-dependently. 
VD3 and retinoic acid are effective inducers of dif- 
ferentiation of U937 cells. On treatment with subop- 
timal concentrations of VD3 or retinoic acid, NBT 
reduction was augmented additively or more than 
additively by 5 jxg/ml genistein (Table 2). Growth of 
promyelocytic leukemia HL-60 cells was less sensitive 
to genistein, because 50% inhibition of growth was 
observed with genistein at 6.7 fig/ml. Genistein 
alone, however, induced morphological differen- 
tiation of HL-60 cells into mature granulocytes (Fig. 
2). NBT reduction was also enhanced additively or 
more than additively by genistein in cells treated with 
retinoic acid or VD3 (Table 2). 



Table 2. I^^Duc^ON of NBT reduction in some myelo- 
monocytic LEUKEMIA CELLS BY GENISTEIN IN THE PRES- 
ENCE OF VD3 OR RETINOIC ACID 



Treatment 


NBT reduction (Ajeo/lO^ cells) 




ML-1 


cells 


KL-60 cells 


U937 


cells 




-G 


+G 


-G 


+G 


-G 


+G 


None 


0.79 


4.34 


1.00 


7.23 


0.55 


2,47 


VD3, 1 ng/ml 


4.45 


25.99 


1.81 


12.52 


1.95 


5.84 


VD3, 10 ng/ml 


10.33 


22.42 


5.19 


14.14 






RA,4xlO»M 


2.45 


8.55 


1.06 


11.04 


1.76 


5.54 



Cells were cultured with or without 5 jig/ml of genistein 
(G) for 5 days. RA, retinoic acid. 



Effects of methyl 2,5'dihydroxycinamate on growth 
and differentiation 

To determine whether the differentiation-inducing 
effect of genistein on leukemia cells was due to inhi- 
bition of protein tyrosine kinase or some other mech- 
anism(s), we examined the effect of another protein 
tyrosine kinase inhibitor, methyl 2,5-dihydroxy- 
cinamate [17], on ML-1 ceils. This compound 
inhibited the growth of ML-1 cells, causing 50% 
inhibition at 0.54 lig/ml when incubated with the cells 
for 5 days. It did not significantly increase NBT 
reduction or lysozyme activity of the cells. It also 
caused only slight enhancement of NBT reduction 
and induction of lysozyme activity in VD3- or retinoic 
acid-treated ML-1 cells (Fig. 3). Even at high con- 
centration, it did not induce functional or mor- 
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Methyl 2.5-dihydroxycinamate (;/g/ml) 
FIG. 3. Effects of methyl 2,5-dihydroxymamateon indij^^ 
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phological differentiatioti of HL-60 or U937 cells 
(data not shown). 

Effects of psi-tectorigenin on growth and differenti- 
ation of leukemia cells 

Psi-tectorigenin, isolated from Aspergillus s^., 
inhibits phosphatidylinositol turnover ^1^^ f«f ^. 
tively than genistein [10]. Psi-tectongemn intabited 
growth of ML-1 cells, causing 50% inhibition o 
al 6.4 ng/ml. It also induced dose-dependen 
NBT reduction and lysozyme activity of ML-1 cells 
(Fie 4) It caused morphological changes of ML-l 
«lk (Table 1). and its differentiation-ir^u^^^^^^ 
activity was greater than that of gemstein. Psi-tec 
less than5^g/ml did notinduce NBT reduc- 

iSglctivity of ML-l cells ^ut significantly e^^^^^^^ 
thatby suboptimaldoseof VDad ng/ml) (Fig. 5). On 



"(T 2.5 5 

Psi-tectorigenin (jug/ml) 
Fig 5 Effects of VDj and retinoic acid on induction of 
NBT redSn of mLi cells by P-tectonge^m^^C^^^^ 
o X in5/mn were treated with various concentrations ot 
%l&ZVLn. iO), or with 4 x lO-M retinoic . 
^ add (•) or 1 ng/ml of VDj (A) for 5 days. 

the contrary, the combined effects of Fji:tect^^^^^^^^ 
and retinoic acid seemed just additive. Psi-tec 
torigenin induced significant differentiation of HL- 
60 cells but U937 cells were less sensitive to its effects 
^inhrbifing growth and inducing NBT reduction and 
lysozyme activity (data not shown). 

DISCUSSION 

In the present investigation we found that genistein 
induced differentiation of some human myelo- 
monocytic leukemia cell lines. Genistein is reported 
to inhibit tyrosine phosphorylation [11], phos 
phatidylinositol turnover [10] and topoisomerase II 
activity [91. Constantinou et al. recently reported 
Sat glnistiin induced monocytic differentiation of a 
variant clone of the HL-60 cell line, and suggested 
that the differentiation-inducing effect of genistem 
might be associated with inhibition of topoisomerase 
II activity [71. However, genistein induced intra- 
cellular DNA damage at a concentration of more 
than 30 tig/ml of genistein, whereas 'eduction of drf- 
ferentiarion was observed in cells treated with 5jxg/ 
ml of genistein. For more precise understandmg of 
the differentiation-inducing effect of g«"stein we 
e^mined the differentiation-inducing effects of two 
Xed compounds, methyl 2,5-dihydroxyanamate 
[171, a protein tyrosine kinase inhibitor and psi-tec- 
torigenin [101. a potent inhibitor of phosphatidyl- 

inositol turnover. , , o c a\u^ 

The present study showed that methyl 2,5-dihy- 
droxycinamate had only a slight effect on dif- 
ferentiation of leukemia cells, and previous resuUs 
showed that herbimycin A was unable to induce 
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differentiation of HL-60, U937 and ML-1 cells, 
although this compound induced erythrodifferen- 
tiation of K562 cells, which have p210'^*" fusion 
protein with abnormally high protein tyrosine kinase 
activity [20]. Genistein inhibits protein tyrosine kin- 
ase competitively with ATP [11], while methyl 2,5- 
dihydroxycinamate inhibits the enzyme competi- 
tively with peptide [21]. Herbimycin A reacts with the 
SH-groups of protein tyrosine kinase [22], resulting 
in inhibition of the enzyme activity. These results 
suggest that the differentiation-inducing activity of 
genistein on ML-1, HL-60 and U937 cells is unlikely 
to be associated with inhibition of protein tyrosine 
kinase activity. 

On the other hand, psi-tectorigenin was effective 
in inducing differentiation of these leukemia cells. 
We have reported that this compound inhibited phos- 
phatidylinositol turnover without inhibiting protein 
tyrosine kinase in cultured A431 cells [10], Addition 
of psi-tectorigenin at S~50 [ig/m\ inhibited formation 
of phosphatidic acid about 90% and that of phos- 
phatidylinositol 90-99%, but at 50 |ig/ml it did not 
inhibit protein tyrosine kinase activity of epidermal 
growth factor receptor in situ. The leukemia cells 
were induced to differentiate by 5-20 M-g/ml of psi- 
tectorigenin. Furthermore, psi-tectorigenin was 
more potent than genistein in inducing NBT 
reduction of ML-1 cells (maximum inductions, 23.2 
and 5.8 Aseo/lO^ cells). Previous reports indicated 
that phosphatidylinositol turnovers of murine and 
human leukemic cells decreased during induction of 
differentiation [2, 23, 24]. These findings suggest that 
phosphatidylinositol turnover may influence the dif- 
ferentiations of some myelomonocytic leukemia 
cells, although other possibilities cannot be ruled out. 

Protein tyrosine kinase is reported to affect phos- 
phatidylinositol turnover [1, 25-28]: protein tyrosine 
kinase is postulated to phosphorylate phosphatidyl- 
inositol kinase [26, 27] and phospholipase C [28], and 
then activate phosphatidyhnositol turnover. Inhi- 
bition of protein tyrosine kinase might suppress phos- 
phatidylinositol turnover and protein kinase C 
indirectly. On the other hand, phospholipase C and 
phorbol esters, activators of protein kinase C, have 
been reported to induce monocytic differentiation of 
HL-60 cells [29]. The present results indicated that 
HL-60 cells were induced to differentiate into mature 
granulocytes, but not into monocytes and macro- 
phages, by genistein or psi-tectorigenin. Modulation 
•of these signal transduction pathways may influence 
differentiation processes. 

Myeloblastic ML-1 cells were induced to dif- 
ferentiate into promyelocytes, but not into more 
mature granulocytes by genistein even at high con- 
centration. However, promyelocytic HL-60 cells 



were induced to differentiate info~Tnature gra- 
nulocytes by this compound. These experimental sys- 
tems may be useful for analyses of the molecular 
mechanisms involved in intermediate stages of granu- 
locytic differentiation. 
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EFFECTS OF FLAVONOIDS ON IMMUNE AND 
INFLAMMATORY CELL FUNCTIONS 

Elliott Middleton, Jr.* and Chithan Kandaswami 
Department of Medicine, Division of Allergy and Immunology, State University of New York at 
Buffalo, School of Medicine and Biomedical Sciences, Buffalo, NY 14203, U.S.A. 



The immune system can be modified by diet, 
pharmacologic agents, environmental pollutants, 
and naturally occurring food chemicals such as the 
flavonoids. Some effects of the flavonoids on the 
function of T cells, B cells, NK cells, macrophages, 
mast cells, basophils, neutrophils, eosinophils and 
platelets will be described. Each of these cell types 
is involved in immunity and inflammation, and the 
effects of the flavonoids on these cells will be 
considered in this broad context. This commentary 
is selective and does not cover the literature 
exhaustively. 

The flavonoids are comprised of a large group of 
low molecular weight polyphenolic secondary plant 
metabolites which possibly are important to the 
health and maintenance of herbivorous animals 
including humans. Some basic Havonoid structures, 
including many discussed herein, are shown in Fig. 
1. Dietary exposure to flavonoids is not insignificant. 
For instance, the average Western diet contains 
approximately 1 g/day of mixed flavonoids [1]. 
Ingestible flavonoids are found in fruits, vegetables, 
nuts, seeds, stems, flowers, roots, bark, tea, wine 
and coffee. They are prominent components of citrus 
fruits and other food sources [2]. The flavonoids 
have long been considered to possess antiallergic 
and antiinflammatory activities. Their effects on a 
variety of inflammatory processes have been reviewed 
[3, 4]. They are also potent antioxidants and possess 
significant vitamin C-sparing activity [5,6]. 

The flavonoids display a remarkable array of 
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biochemical and pharmacological actions [7-12], 
some of which suggest that certain members of this 
group of compounds significantly affect the function 
of the immune system. As will be described in 
greater detail, a number of flavonoids affect the 
function of enzyme systems critically involved in the 
immune response and the generation of inflammatory 
processes, namely, both tyrosine and serine- 
threonine protein kinases, phospholipase A2, phos- 
pholipase C (PLCt). lipoxygenases and others. 
Recently, it has become evident that these enzymes 
are critically involved in signal transduction and cell 
activation processes involving cells of the immune 
system as well as other cells. Much of the information 
on flavonoid effects has been obtained with in vitro 
systems; more in vivo studies are very much 
warranted. 

T lymphocytes 

The convergence of immunologic research on the 
nature of Tcell antigen recognition and investigations 
of signal transduction in T and B cells have led to 
new fundamental concepts. T cell proliferation 
follows the cooperative interaction of CD4, CDS 
and the T cell receptor (TCR)-CD3 complex upon 
exf>osure to foreign antigens and in association with 
appropriate molecules of the major histo- 
compatability complex. It is now understood that 
the proliferative signal is generated by members of 
a family of protein tyrosine kinases (PTKs) which 
catalyze the phosphorylation of cellular substrates 
which in turn is accompanied by T cell proliferation 
[13]. Tyrosine phosphatases dephosphorylate the 
phosphoproteins returning the cell toward baseline 
conditions [14]. Certain flavonoids affect the activity 
of PTKs but nothing is known about their possible 
effect on tyrosine phosphatases. 

T lymphocyte stimulation through the antigen 
receptor causes early activation of a tyrosine kinase 
[15-17] and the generation of phosphatidylinositol 
(PI) bisphosphate (PIP2)-derived second messengers, 
namely inositol 1,4,5-trisphosphate (IP3) and di- 
acylglycerol (DAG), via activation of phospholipase 
C [18, 19]. Several cellular substrates are phos- 
phorylated including TCR-zeta. The T cell PTK, 
p56'^\ may be involved in this process. Trevillyan et 
aL [17] showed that the isoflavone, genistein, a 
selective PTK inhibitor [20], blocked the activity of 
p56" in a concentration-dependent manner (1C50 = 
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40 ^M). Inhibition of enzyme activity correlated with 
reduced interleukin-2 (IL-2) secretion and IL-2R 
expression but not with TCR-mediated PI hydrolysis. 

Recently it has been demonstrated that CD45 
tyrosine phosphatase is essential for coupling the T 
cell antigen receptor to the PI pathway [18]. 
Experiments of Ledbetter et al, [19] and others 
demonstrated that CD45 tyrosine phosphatase can 
serve as a regulator of TCR complex-mediated PLC 
activation in human peripheral blood lymphocytes. 
CD45 inhibited the increase in cytoplasmic 
concentration, suggesting that PI hydrolysis is 
regulated by CD45. Also, ligation of CD45 inhibited 
phosphorylation of tyrosine on specific substrates 



during T cell activation. As well as an effect on PLC 
activation, CD45 may exert effects on cell activation 
through its enzymatic activity as a tyrosine 
phosphatase. It will be important to determine the 
effects of flavonoids on CD45 tyrosine phosphatase. 
Protein tyrosine phosphorylation and calcium 
mobilization are strongly augmented by cross-linking 
CD4 or CDS with CD3; this finding has implications 
for positive and negative thymic selection [21]. Since 
protein tyrosine phosphorylation is known to be 
affected by at least two flavonoids, genistein [20] 
and quercetin [22,23], it seems likely that this 
fundamental process determining thymic selection 
may be a flavonoid-sensitive mechanism. 
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Phosphatidylinositol turnover is a central phenom- 
enon in intracellular signal transduction, occurring 
in response to neurotransmitters, growth factors and 
hormones [24,25]. Oncogene-induced trans- 
formation by ras, 5rc, erb.fms, and fes also augments 
cellular PI turnover [cf. Ref. 26]. An important 
enzyme in PI turnover is PI kinase which 
phosphorylates the inositol moiety of PI on the 4- 
position and is referred to as phosphatidylinositol 4- 
ktnase. It is of interest, therefore, that Nishioka and 
co-workers [26] found that the isoflavone, orobol, 
was a potent inhibitor of PI kinase from Streptomyces 
with an IC50 of 0.25/ig/mL; quercetin had an IC50 
value of 1.8 and fisetin of 2.0 ptg/tnL, Kinetic analysis 



revealed that orobol is competitive with respect to 
ATP and uncompetitive with respect to PI. Psi- 
tectorigenin , another isoflavonoid related to genistein 
and orobol, proved to be a more active inhibitor of 
epidermal growth factor (EGF)-induced PI turnover 
in A431 cells with an IC50 of approximately 1 fig/mL 
[27]. This compound inhibited PI turnover without 
affecting EGF receptor tyrosine kinase activity. 
Flavonoids with these biochemical properties 
should be useful probes in the functional analysis 
of PI turnover and its relationship to immune cell 
function. 

In addition to PTK, protein kinase C (PKC), 
the ubiquitous Ca^"^ and phospholipid-dependent. 
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multifunctional serine-threonine phosphorylating 
enzyme, which is involved in a wide range of 
cellular activities including tumor promotion and T 
lymphocyte function [15,28], has also been shown 
to be inhibited in vitro by certain flavonoids [29- 
31). Fisetin. quercetin and luteolin were the most 
active compounds in the study of Ferriola et al, [31]. 
An isoflavone congener of genistein, formononetin, 
was inactive. Fisetin was shown to competitively 
block the ATP binding site on the catalytic unit of 
protein kinase C [31]. 

Recently, Bagnasco et ai. [32] studied transmem- 
brane signaling by both CD3 and CD2 human T cell 
surface molecules and the involvement of protein 
kinase C translocation. T cell activation by 
monoclonal antibodies (mAbs) directed against both 
CD3/T cell receptor (CD3/TCR complex) and the 
CD2 molecule resulted in the rapid increase of 
intracellular ionized Ca^"^. Moreover, it was 
demonstrated in the human leukemic T cell line 
Jurkat that triggering with appropriate anti-CD2 
mAbs induced the generation of IP3 and DAG from 
the breakdown of PIP2. The appearance of such 
second messengers suggests that the CD2 molecule, 
like the CD3/TCR complex, may be linked to PLC. 
The investigators demonstrated that activation of 
Jurkat cells by anti-CD2 mAbs is also accompanied 
by translocation of PKC activity to the cell membrane 
in association with increased intracellular Ca~^. By 
analogy with the effects of flavonoids on PTK, each 
of the steps in these experiments is potentially 
flavonoid-sensitive. 

An important question is whether PTK activation 
is a prerequisite for PLC activation or whether these 
two pathways of signal transduction are regulated 
independently. It appears from experiments of June 
et al. [33, 34] that rapidly increased PTK activity is 
measurable prior to PLC activation (as determined 
by the appearance of IP3) after T cell receptor 
complex ligation with anti-CD3 mAb. The PTK 
activity is sensitive to the effects of herbimycin, a 
benzoquinonoid ansamycin antibiotic which blocks 
oncogenic transformation by pp60'"^'*^. Mustelin and 
coworkers [35] obtained similar results, but they 
used the isoflavone genistein as an inhibitor of 
PTK. At concentrations which inhibited tyrosine 
phosphorylation of the TCR-zeta subunit, but not 
PLC activity (IP3 increase), genistein blocked TCR- 
CD3-mediated activation of PLC, T cell proliferation 
and expression of IL-2 receptors. The effects were 
not related to genistein toxicity. 

While all of these results clearly demonstrate that 
both tyrosine and serine-threonine kinases and PI 
kinase can be inhibited in vitro by certain flavonoids, 
more in vivo experiments remain to be done which 
would clearly show an effect on some facet of 
immune function. (A note of caution to all 
immunologists using experimental animals: the 
animals' chow contains flavonoids which could affect 
the outcome of various experimental manipulations. 
An experimentally ideal but unnatural diet would 
be an elemental one such as Vivonex.) The reported 
effects of flavonoids on the enzyme systems described 
above clearly suggest that they influence immune 
cell function. Several reports support this contention. 
In initial experiments, Mookerjee and co-workers 



[36] demonstrated that both quercetin and tangeretin 
could depress the expression of class II his- 
tocompatibility (DR) antigens in human peripheral 
blood monocytes processing streptolysin O as 
antigen. The flavonoid effect was reversible. These 
investigators also observed that certain flavonoids 
reversibly inhibit lymphocyte proliferative responses 
to phytomitogens, soluble antigens and phorbol 
esters by blocking an early event (or events) that 
follows exposure to the stimulus. Furthermore, 
quercetin and tangeretin were found to inhibit 
thymidine transport in stimulated lymphocytes. The 
finding that a flavonoid such as quercetin inhibits 
lymphocyte uptake of thymidine confirmed earlier 
reports of Graziani and Chayoth [37] and raises an 
important point: studies of inhibitors of DNA 
synthesis using [^H]thymidine uptake must have 
controls determining the effect of the inhibitor on 
thymidine uptake itself. 

Ishikawaerfl/. [38] studied the possible involvement 
of quercetin in tumor cell immunity. After exposure 
of the metastatic tumor BMT-11 1-9 cells (a clone 
of BMT-11, a transplantable mouse fibrosarcoma) 
to quercetin and cloning, clones were obtained which 
spontaneously regressed in normal syngeneic hosts. 
Possible mechanisms of regression of the regressor 
clones were studied by measuring cytotoxic T 
lymphocyte activity generated during mixed 
lymphocyte/tumor cell culture of spleen cells 
obtained from tumor-bearing mice. These studies 
show the potential ability of flavonoids to cause 
enzymatic alterations ( prostaglandin formation) that 
may result in the production of tumor variants 
exhibiting modified immunological responses. Quer- 
cetin has inhibitory activity toward phospholipase 
A2 whose product, arachidonic acid, is the essential 
substrate for the synthesis of prostaglandins. 

Other studies suggest effects of flavonoids 
on immune responses. For example, tobacco 
glycoprotein (TCP), a polyphenol-rich, rutin- 
containing substance, can be purified from cured 
tobacco leaves and tobacco smoke condensate. One 
third of normal humans exhibit IgE-mediated 
reactivity to TCP. In mice, intradermal TGP 
stimulates a prolonged IgE response [39]. Similariy, 
rutin-derivatized bovine serum albumin (BSA) 
stimulates an IgE response to BSA but without 
hemmagglutinating antibodies. The data suggested 
that rutin exerts a regulatory effect on isotype 
expression. Subsequently, it was shown that the 
polyphenol-containing substance stimulated IL-4 
production by murine Th2 cells thus accounting for 
the augmented IgE formation [40]. 

In other experiments, Schwartz et al. [41,42] 
described the effects of quercetin and several other 
flavonoids on the generation and effector function 
of cytotoxic lymphocytes. They showed that certain 
flavonoids inhibited the generation of cytotoxic 
lymphocytes in murine mixed spleen cell cultures 
and, as well , depressed their cytotoxic activity against 
P815 murine mastocytoma target cells. The addition 
of Cu""^ blocked the inhibition observed by certain 
flavonoids but not others, showing thereby that 
chelation of divalent cations such as Cu-"^ cannot 
explain the action of all flavonoids in these systems. 
These experiments are of particular interest because 
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they demonstrate that two types of cognate cell-ceil 
interaction can be affected by active flavonoids. 

Several more reports indicate the capacity of 
selected flavonoids to affect immune responses. 
Yamada etal. [43] found that the flavanone glucoside, 
plantagoside, inhibited the in vitro immune response 
of mouse spleen cells to sheep RBC (SRBC) in a 
concentration-dependent manner. Plantagoside also 
inhibited the proliferative response of BALB/c 
spleen cells to the T cell mitogen concanavalin A 
but had no effect on the mitogenic activity of 
lipopolysaccharide or phytohemagglutinin (PHA). 
Also of interest is the fact that plantagoside is an or- 
mannosidase inhibitor; glycosidase inhibitors are . 
useful probes in studies of inflammation, metastasis, 
transformation, and the immune response. 

Delayed type hypersensitivity (DTH) reactions to 
dinitrofluorobenzene (DNFB), but not SRBC, were 
reduced in mice undergoing two-stage carcinogenesis: 
initiation with dimethylbenzanthracene (DMBA) 
followed by promotion with tetradecanoyl phorbol 
acetate (TPA). The reduced DTH response to 
DNFB appeared to be abrogated in mice treated 
with the flavonol glycosides mauritianin and 
myricitrin [44,45]. A role for certain flavonoids in 
the maintenance of tumor immunity may be 
suggested by these experiments. Interestingly, the 
effects of flavonoid derivatives on TPA-induced 
inflammation [46] seem to be roughly parallel to 
their inhibitory activities on tumor promotion in 
mice [44]. 

A Hungarian team studied the hepatoprotective 
and immunomodulatory effects of systemically 
administered silymarin in patients with alcoholic 
cirrhosis. In addition to generally normalizing 
elevated liver enzymes, silymarin signiflcantly 
increased the response of the peripheral blood 
lymphocytes of the subjects to stimulation with 
concanavalin A and PHA, while it decreased 
antibody-dependent cellular cytotoxicity and NK 
cell activity, and also reduced the percentage of T8+ 
cells in. the peripheral blood [47], More clinical 
investigations of this kind are badly needed in 
flavonoid research. 

B lymphocytes 

Cross-linking of B cell membrane immunoglobulin, 
the B cell antigen receptor, initiates the signal for B 
cell activation and maturation. B lymphocyte 
activation, like T cell activation, is accompanied by 
phosphorylation of tyrosine on particular B cell 
proteins [48-50]. In studies of human B cell 
precursors, Uckun et al. [51] found that IL-7 
receptor ligation with rhIL-7 caused increased 
phosphorylation of tyrosine on multiple substrate 
proteins and stimulated phosphatidylinositol turn- 
over with increased IPj generation (PLC activation) 
and also DNA synthesis. Genistein effectively 
abrogated the tyrosine kinase activity and the 
accompanying increase in IP3. 

An example of ongoing, concurrent phos- 
phorylation and dephosphorylation is seen in the 
experiments of Carter et al. [52] who studied tyrosine 
phosphorylation of PLC-y I in L4 B-lymphoblastoid 
cells. From 0 to 30 min there wac clear-cut evidence 
of phosphorylation followed by dephosphorylation 



of several cellular proteins. These investigators also 
studied the PTK inhibitors genistein, tyrphostin and 
herbimycin. They found that genistein reduced the 
rise in cytosolic Ca^* in B lymphocytes following 
ligation of membrane IgM and also observed the 
PTK dependence of PLC activation. It has also been 
demonstrated that protein tyrosine phosphorylation 
is induced in the Burkitt*s lymphoma cell line Akata 
after stimulation with anti-IgG [53]. At noncytotoxic 
concentrations, genistein inhibited Epstein-Barr 
virus (EBV) activation as determined by the 
induction of EBV early antigen (and other antigens) 
and EBV early BZFI mRNA and its protein product 
ZEBRA. Biochanin A, another isoflavone, was also 
an active inhibitor of early antigen (EA) induction. 
Tumor promoter-stimulated induction of EA 
expression in EBV genome-carrying lymphoblastoid 
cells (Raji Cells) and the effects of flavonoids were 
studied by Okamoto et al. [54]. Quercetin (and 
retinol) caused an effective inhibition of EA 
expression while a-naphthaflavone, a synthetic 
flavonoid, had a weaker effect. Several other 
naturally occurring flavonoids were inactive. Since, 
in many systems, flavonoids are potent inhibitors of 
tumor promoter effects, one can speculate that 
certain flavonoids would also inhibit the enhanced 
expression of IL-2 receptors and immunoglobulin 
secretion stimulated by TPA as, for example, on 
sublines of an EBV-immortalized human B cell line 
as described by Polke et al. [55] and in keeping with 
the observations of Trevillyan etal. [17] with T cells. 

Immunoglobulin secretion from mitogen-stimu- 
lated human peripheral blood B lymphocytes is, in 
fact, affected by quercetin. Cumella etal. [56] found 
that quercetin, but not taxifolin (dihydroquercetin), 
inhibited mitogen-stimulated immunoglobulin secre- 
tion of IgG, IgM and IgA isotypes in vitro with an 
IC5() of approximately 30 juM for each isotype. Once 
again, in this secretory system, as in others {vide 
infra) ^ quercetin was active while taxifolin was not. 

Immunomodulatory effects of flavonoids: Interferon 
and NK cells 

Recent reports indicate that flavone acetic acid, a 
synthetic flavonoid, exhibits dose-dependent in vivo 
antitumor activity against certain solid tumors in 
mice. The mechanism of action of flavone acetic acid 
is intriguing: the compound augments murine NK 
cell activity in vivo and this effect was found to be 
due to induction of interferon-ar synthesis [57, 58]. 
Spleen cells of flavone acetic acid-treated mice 
demonstrated rapid expression of interferon-or 
mRNA [58]. Upregulation of interferon mRNA was 
also detected early following the administration of 
flavone acetic acid to mice. The flavone acetic acid 
effect was selective since no upregulation of splenic 
mRNA for interferon-j8, IL-lcr or -/3 or IL-2 was 
detected after administration of flavone acetic acid. 
These data clearly indicate that flavone acetic acid 
stimulated gene activation. Another dimension of 
flavone acetic acid antitumor activity is its ability to 
cause vascular shutdown in the tumors. This effect 
can be attributed to the rapid induction of tumor 
necrosis factor (TNF); pretreatment with anti-TNF 
antibody abrogated the drug effect [59,60]. It is 
tempting to speculate that naturally occurring dietary 
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flavonoids may also induce interferon synthesis and 
thereby act as anti-tumor agents. 

NK cell cytocidal activity against NK-sensitive 
tumor target cells K562 and U937 is accompanied 
by early increased incorporation of ^^P into PI, 
suggesting activation of phospholipase C [61]. A 
high quercetin concentration (100 /iM) profoundly 
inhibited the increased PI metabolism and also 
inhibited killing activity. Other studies established 
that T lymphocyte and NK cell cytotoxic activity 
rel^ on extracellular Ca-"". Ng et al. [62) studied the 
Ca-"*" dependence using quercetin and Ca^"^ channel 
antagonists. Quercetin inhibited Ca-*-dependent 
killing. Cytolysis could be induced by simultaneous 
stimulation with TPA and ionophore A23187, 
suggesting that protein kinase C activation is 
involved. The inhibitory effect of quercetin could be 
through its action on PKC [31]. 

Macrophuges and monocytes 

Few studies on the effects of flavonoids on 
macrophage function have appeared, Oxyradical 
generation by peripheral blood monocytes was 
suppressed by catechin as noted by Berg and Daniel 
[63]. A synthetic lipophilic derivative, 3-palmitoyI- 
{+)-catechin, enhanced the phagocytic activity of 
guinea pig Kupfer cells in vivo according to Piazza 
eiai. [64]. As described earlier, Mookerjee and co- 
workers [36] demonstrated an effect of selected 
flavonoids on antigen presentation by human 
peripheral blood mononuclear cells. This observation 
should be confirmed as it has important implications 
for the earliest stages of the immune response. 

The synthesis of IL-2 and leukotriene B (LTB4) 
by human peripheral blood mononuclear cells was 
studied by Atluru et al. [65]. At a noncytotoxic 
concentration, genistein inhibited PHA-induced cell 
proliferation and IL-2 formation. The isoflavone also 
blocked LTB4 generation in A23187-stimulated cells 
while H-7, a protein kinase C inhibitor, had no 
effect. LTB4 formation in carragenin-induced 
intrapleural exudates in rats was reduced by 
intraperitoneal injection of quercetin and quercitrin 
but not by apigenin or luteolin, both of which lack 
a 3-position hydroxyl group (present in quercetin). 

Studies of adhesion among human mononuclear 
leukocytes were reported by Patarroyo and Jondal 
[66]. The investigators studied the effect of phorbol 
ester-induced adhesion among human mononuclear 
leukocytes, the requirement for extracellular Mg^"^, 
and the effects of inhibitors of protein kinase C, 
lipoxygenase and ATPase. It was found that 
quercetin significantly inhibited phorbol 12,13- 
dibutyrate.-induced cell aggregation/adhesion. The 
authors attributed the quercetin effect to inhibition 
of cellular ATPases but it is alternatively possible 
that the effect of quercetin could be due to its activity 
as an inhibitor of lipoxygenase and/or protein kinase 
C as described elsewhere in this report. 

Mast cells and basophils 

Mast cells play a central role in the pathogenesis of 
diseases such as allergic asthma, rhinoconjunctivitis, 
urticaria, anaphylaxis and systemic mastocytosis, 
and may well be important players in other chronic 



inflammatory disorders such as Crohn's disease, and 
other varieties of inflammatory bowel disease, 
vasculitis, rheumatoid arthritis and others. Basophils 
are perhaps emerging as an important cell in the 
pathogenesis of late phase allergic reactions [67]. 

Both mast cells and basophils possess high affinity 
receptors for IgE in their plasma membranes. Cross- 
linking of these receptors is essential to trigger the 
secretion of histamine and other preformed, granule- 
associated mediators and to initiate the generation 
of newly formed phospholipid-derived mediators. 
Various flavonoids have been shown in a number of 
systems to influence this secretory process, most 
frequently as inhibitors. Definitive evidence of 
flavonoid regulation of secretion was first provided 
by Fewtrell and Gomperts [68, 69] and Bennett et 
aL [70] in studies of the secretion of histamine from 
rat mast cells stimulated with antigen, mitogen, or 
the divalent cation ionophore A23187 and the release 
of ^^-glucuronidase from stimulated rabbit leukocytes. 
Quercetin, kaempferol and myricetin were found to 
inhibit the release of rat mast cell histamine. 
Following these reports, Middleton and co-workers 
[71, 72] undertook an examination of the effect of a 
number of naturally occurring flavonoids on the 
secretion of histamine from human basophils. 
Quercetin inhibition of antigen-stimulated human 
basophil histamine release [71] was found to be 
concentration-dependent, instantaneous in onset of 
action, antagonistic to the histamine release- 
augmenting effect of D2O, not affected significantly 
by increased extracellular Ca-* concentrations, and 
not enhanced by theophylline (suggesting that 
inhibition is not a cyclic AMP-dependent process). 
Subsequent experiments revealed critical structure- 
activity relationships governing the flavonoid effect 
on antigen-induced histamine release [72]. Inhibition 
of antigen-induced histamine release was associated 
with the following structural features: the presence 
of a C4 keto group, a reduced double bond at 
position C2-C3 in the y-pyrone ring, and an 
appropriate pattern of hydroxylation in the B ring. 
Flavonoid glycosides, rutin and naringin, were 
inactive as were the flavanones (reduced C2-C3 
bond), taxifolin and hesperitin. Morin, catechin and 
cyanidin were also inactive. Polymethoxylated 
compounds such as nobiletin and tangeretin showed 
less or no inhibitory activity against antigen-induced 
histamine release (as compared to their activity as 
inhibitors of lymphocyte activation) [36]. 

Further studies were undertaken to determine the 
effect of flavonoids on basophil histamine release 
stimulated by anti-IgE and concanavalin A (IgE- 
dependent histamine releasing agents); the chemo- 
attractant peptide, f-MetLeuPhe, and the tumor 
promoter phorbol ester, TPA (both f-MetLeuPhe 
andTPA are receptor-dependent histamine-releasing 
agents); and the divalent cation ionophore A23187 
(bypasses receptor-dependent processes and carries 
Ca-"^ directly into the cytoplasm). The results showed 
that the histamine-releasing effect of each of these 
secretogogues could be inhibited by some, but not 
all, of eleven flavonoids representing five different 
chemical classes [73]. The nature of the stimulus for 
histamine release and the structure of specific 
flavonoids appeared to determine whether a 
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particular compound would exert inhibitory activity. 
The results suggest that each of the secretogogues 
may utilize a different pathway of cell activation and 
that these pathways may be differentially sensitive 
to the action of particular flavonoids. It is not 
surprising, perhaps, to record that yet another 
stimulus of basophil histamine release, i.e. histamine 
releasing factor, can be inhibited by quercetin [74]. 
The effect of quercetin to uniformly inhibit basophil 
histamine secretion stimulated by a variety of 
agonists strongly suggests that there is a final common 
pathway utilized by each of these agonists which 
is sensitive to quercetin and other structurally 
appropriate flavonoids. A number of other inves- 
tigators have also described inhibition of histamine 
release from mast cells by certain flavonoids [75- 
77], including some structurally unique flavonoid 
dimers such as amentoflavone (a biapigenin). 

It is important to emphasize that the effects of 
active flavonoids on basophil histamine secretion 
are reversible, to wit, a basophil-containing cell 
suspension can be exposed to quercetin (50 /zM) for 
30min and then washed twice, resuspended, and 
found to respond normally to antigen. However, if 
the histamine secretory reaction is initiated and an 
active flavonoid such as quercetin is added at 2, 5, 
10 or 15min after addition of antigen, there is at 
each time point an immediate cessation of further 
release of histamine [71]. These observations indicate 
that antigen activation of basophils results in the 
generation of a flavonoid-sensitivc substance(s), 
interaction of which with the tlavonoid strikingly 
alters the outcome of the activation process, in this 
case histamine secretion from basophils. The nature 
of the fiavonoid-reactive substance{s) is unknown. 

Other evidence suggests that calmodulin may be 
involved in the mechanism of secretion of histamine 
from granules of mast cells and basophils [78]. It is 
of interest, therefore, that quercetin appears to 
interact with the Ca-'^-calmodulin complex with 
resultant inactivation of Ca-^*-calmodulin-dependent 
activities, including the effects of tumor promoters 
[79-81 1. 

A number of flavonoids possess lipoxygenase 
inhibitory activity [4, 82J. Marone et al. [83] showed 
that basophil histamine release was inhibited 
by eicosatetraynoic acid, a chemically unique 
lipoxygenase inhibitor, and suggested that a 
lipoxygenase-derived product of arachidonic acid 
metabolism may be required for basophil histamine 
release. Interestingly, many flavonoid inhibitors of 
histamine release are also good lipoxygenase 
inhibitors. Several flavonoids are relatively selective 
inhibitors of 5-lipoxygenase which initiates the 
biosynthesis of leukotrienes, compounds considered 
to be of importance in mediator release, inflammation 
and immediate hypersensitivity pathophysiology in 
tissues undergoing allergic reactions [84). Cirsiliol 
(3',4',5-trihydroxy-6,7-dimethoxy flavone) is a 
potent inhibitor and caused 919c inhibition of the 
enzyme partially purified from rat basophilic 
leukemia cells. At 10 /iM the compound caused 99% 
suppression of immunologic release of leukotrienes 
(SRS-A) from passively sensitized guinea pig lung 
(lC5(, approximately QA^M) [82]. 

Stimulation of Ca^*-dependent protein phos- 
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phorylation during secretogogue-induced exocytosis 
in rat mast cells was described by Sieghart and co- 
workers in 1978 [85]. Purified rat peritoneal mast 
cells which had been labeled with ^-P and then 
stimulated by addition of compound 48/80 or 
lonophore A23187 resulted in the phosphorylation 
of four proteins of apparent molecular weights 
78,000, 68,000, 59,000 and 42.000. Phosphorylation 
of the proteins with apparent molecular weights of 
68,000, 59,000 and 42,000 was evident within 10 sec 
after addition of 48/80 whereas phosphorylation of 
the 78,000 molecular weight protein was not evident 
unul 30-60 sec after addition of the secretogogue. 
The experiments cleariy indicated that the secretory 
response of the mast cell is associated with protein 
phosphorylation and that regulation of exocytosis is 
related to protein phosphorylation. In subsequent 
experiments [86] the authors briefly noted that 
quercetin and kaempferol (10 ^/M), known inhibitors 
of rat mast cell histamine secretion, also increased 
the incorporation of radioactive phosphate into a 
single protein band with an apparent molecular 
weight of 78,000. The same group of investigators 
reported that the antiasthmatic drug cromolyn 
(chemically related to flavonoids) promotes the 
incorporation of radioactive phosphate into a single 
rat mast cell protein of apparent molecular weight 
78,000 [87]. The finding provided an insight into the 
mechanism of inhibition by cromolyn of mast cell 
secretion triggered by an immunologic stimulus, 
anti-rat IgE. Whether the PTK family of kinase 
enzymes is involved in mast cell or basophil secretory 
responses has not been established, but Sagi- 
Eiscnberg et al. [88] have demonstrated the 
involvement of PKC in rat basophilic leukemia cell 
histamine secretion. 

A still unresolved question is just what cellular 
component in activated mast cells or basophils 
interacts with cromolyn (mast cells) or active 
flavonoids (mast cells and basophils) to inhibit the 
secretory process. Fewtrell and Gomperts [69] and 
Middleton etal. [71] demonstrated that only activated 
ma.st cells or activated basophils are affected by 
quercetin and other inhibitory flavonoids (i.e. the 
unstimulated cells can be exposed to the flavonoids, 
be washed, and subsequently shown to react normally 
to a secretogogue with histamine release). Fewtrell 
and Gomperts [69] also observed that pretreatment 
of rat mast cells with cromolyn (30jtiM) for 
30 min completely abolished the inhibition normally 
observed upon subsequent exposure to quercetin 
(30 /4M) added together with antigen. This suggests 
that cromolyn and quercetin act at the same 
molecular site. 

Another dimension of the exocytotic process and 
cromolyn^fiavonoid activity is the possible relevance 
of the Ca-"*^-ATPase membrane transport regulator. 
Certain flavonoids, notably quercetin, interfere with 
the activity of membrane transport ATPases 
including the Ca^^-dependent ATPase which is one 
of the intrinsic cellular mechanisms that maintains 
low cytosolic Ca-* concentrations. Fewtrell and 
Gomperts [68] found a very good correlation between 
the ability of certain flavonoids to inhibit rat mast 
cell histamine secretion and inhibition of Ca^^- 
dependent ATPase activity. They suggested that the 
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effect of quercetin to inhibit secretion from stimulated 
cells was due to its inhibitory effect on plasma 
membrane Ca'*-ATPase. Racker [89] has suggested 
that the transport ATPases of cell membranes with 
their associated ion flux pathways (channels) are 
separate structural entities which when properly 
coupled constitute the ATP-dependent ion pumps. 
Some fiavonoids including quercetin inhibit aerobic 
glycolysis and growth of certain tumor cells by 
specifically modifying or **repairing** a defective 
control in the ATPase transport system [90], 

Neutrophils 

The inhibitory effect of fiavonoids on secretory 
processes is not limited to basophils and mast cells. 
Bennett et aL [70] showed that a number of fiavonoids 
were capable of inhibiting stimulated rabbit 
neutrophil lysosomal enzyme release. Also, Berton 
and co-workers [91] and Schneider a/. [92] reported 
that concanavalin A-induced secretion of lysosomal 
enzyme from polymorphonuclear leukocytes of 
albino guinea pigs and healthy human volunteers 
was inhibited by quercetin (which did not have any 
effect on the binding of concanavalin A to the cell 
membrane receptors). Rutin and morin were 
inactive, in keeping with the findings of the human 
basophil experiments. 

Phagocytosis is accompanied by a dramatic 
increase in oxygen consumption (respiratory burst) 
with an attendant production of reactive oxygen 
intermediates such as the relatively less active 
superoxide anion and the various oxidizing species 
(hydrogen peroxide, hydroxyl radical and the 
hypohalites) by neutrophils [93]. These are generated 
sequentially starting with superoxide anion pro- 
duction by a membrane-bound NADPH oxidase 
activity [93]. The highly reactive oxygen metabolites 
along with other mediators elaborated by neutrophils 
and macrophages promote inflammation and cause 
tissue damage [94]. Oxidant release (as assayed by 
the production of luminol-dependent chemi- 
luminescence) by human neutrophils was shown to 
be inhibited by certain fiavonoids [95], an effect 
possibly related to inhibition of the 5-lipoxygenase 
pathway of arachidonic acid metabolism [96], 'T 
Hart et al. [97] recently reported a similar inhibitory 
effect of different fiavonoids on the production 
of reactive oxygen species by activated human 
neutrophils using the above chemiluminescence 
method. Four selected fiavonoids inhibited mye- 
loperoxidase (MPO) release, while two of these 
strongly inhibited this activity. Considering luminol- 
dependent chemiluminescence production by neu- 
trophils to be an MPO-dependent process, these 
authors contend that these effects may mask the 
effects of fiavonoids on oxidant production. Using 
the luminescent probe lucigenin for the exclusive 
detection of superoxide anion release, 'T Hart et al. 
[97] showed that the release of this species by human 
neutrophils was inhibited by fiavonoids. Essential 
determinants for inhibition of superoxide anion 
release appear to be the OH groups located in the 
B-ring of the flavonoid molecule. The formation of 
superoxide anion is dependent on the activation of 
NADPH oxidase localized in the plasma membrane, 
which is subject to flavonoid inhibition [98]. 



In addition to inhibiting the activity of a purified 
human neutrophil MPO, quercetin was also found 
to depress this activity in a system employing intact 
human neutrophils [99]. In this case, in inhibiting 
the activity of the purified MPO, quercetin was 
significantly more potent than methiomazole, a 
known specific inhibitor of MPO [100]. In addition, 
quercetin was found to have an ability to directly 
scavenge hypochlorous acid (HOCl), a highly 
reactive chlorinated species generated by the MPO- 
H2O2-CI system [99]. The inhibition of neutrophil 
MPO activity by fiavonoids can result in the 
impariment of oxidant production. Such impairment 
could diminish the formation of highly toxic 
hypochlorous acid and hypochlorite ion (OCl"). A 
consequence of this would be a decrease in the 
inactivation of or-antitrypsin [101], which could result 
in the progressive inactivation of neutrophil-derived 
and other tissue-damaging proteolytic enzymes. 

Quercetin was found to be a potent inhibitor of 
human neutrophil degranulation and superoxide 
anion production induced by different secretogogues 
[102, 103]. Quercetin also inhibited the phos- 
phorylation of neutrophil proteins accompanying 
neutrophil activation by PMA. Phosphorylation of 
a specific neutrophil protein (mol. wt 67,000) was 
reported to be particularly sensitive to quercetin at 
concentrations that also diminished neutrophil 
degranulation and superoxide production, suggesting 
thereby that the phosphorylation of this particular 
protein is an important intracellular event associated 
with neutrophil activation [102]. 

In other studies, Lee et al. [104] examined the 
effect of quercetin on the release of ^-glucuronidase 
from human neutrophils stimulated with opsonized 
zymosan and found that quercetin inhibited the 
release of ^-glucuronidase although the effect was 
not strong. However, it was also found that the 
release of [^H]arachidonic acid from prelabeled 
neutrophils was also inhibited by quercetin, strongly 
suggesting an inhibitory effect of the flavonoid on 
phospholipase A^ in keeping with the findings of 
Lanni and Becker [105]. 

Experiments performed by Busse and co-workers 
[95] showed that quercetin and chalcone were slightly 
effective inhibitors of neutrophil j3-gIucuronidase 
secretion stimulated by opsonized zymosan. These 
investigators also described that quercetin and the 
other fiavonoids were quite effective inhibitors 
of opsonized zymosan-stimulated generation of 
superoxide anion and the chemiluminescence 
phenomenon. Long and co-workers [106] found that 
quercetin had at least three separate effects, on 
human polymorphonuclear leukocytes: (1) quercetin 
inhibited the Mg^*-dependent ecto-ATPase in 
a noncompetitive fashion, (2) it inhibited O2 
consumption, glucose oxidation and protein iod- 
ination in cells exposed to opsonized zymosan and 
TPA, and (3) it inhibited transport of the 
nonmetabolizable glucose analog, [^H]2-deoxy- 
glucose. 

Eosinophils 

lonophore A23187-induced eosinophil degranu- 
lation with release of Charcot-Leyden crystal protein 
'and eosinophil cationic protein is inhibited by 
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quercetin, but not by taxifolin (dihydroquercetin), 
in a concentration-dependent manner [107]. Thus, 
the activated eosinophil responds to these flavonoids 
in the same fashion as other secretory cells, e.g. 
basophils and mast cells. Whether eosinophil 
degranulation stimulated by other immunologic or 
nonimmunologic stimuli such as allergen or platelet- 
activating factor (PAF), for example, will be 
inhibitable by selected flavonoids remains to be 
determined but it is of interest that PI hydrolysis 
accompanies stimulation of murine eosinophils 
with anti-IgG F(ab')2 acting through an Fc-yRII 
mechanism. This process is neomycin sensitive 
(inhibition of phospholtpase C) and is required for 
5-lipoxygenase activation and LTC4 generation [108). 

Platelets 

In addition to their role in hemostasis and 
thrombosis, considerable evidence implicates plate- 
lets as inflammatory cellular elements [109]. Platelets 
are also key participants in atherogenesis. A number 
of proinflammatory mediators are derived from 
platelets including thromboxane A^, PAF, and 
serotonin as well as transforming growth factor-/?, 
platelet-derived growth factor and lipoxygenase 
metabolites. In light of the above, it is of interest 
that a number of flavonoids significantly affect 
platelet function. This subject has been reviewed in 
detail [110). Flavonoids inhibit platelet adhesion, 
aggregation and secretion. Of the variety of 
compounds studied, the most active inhibitors of 
platelet function in vitro were effective in the 1- 
10 range. Certain flavonoids are potent inhibitors 
of cyclic AMP phosphodiesterase and this may be 
in part the explanation for their ability to inhibit 
platelet function. Flavonoids have been related to 
the inhibition of arachidonic acid metabolism by 
cyclooxygenase [111]. The inhibition by flavonoids 
of platelet activation by thromboxane-dependent 
stimuli may be related to this effect. The effect of 
selected flavonoids on platelet aggregation/adhesion 
is akin to their effect on mononuclear cell adhesion 
as described earlier and is another example of their 
potential capacity to regulate the activity of adhesion 
molecules [112]. 

Genistein apparently can affect cell function 
in ways possibly unrelated to protein tyrosine 
phosphorylation [113]. For example, platelet tyrosine 
phosphorylation stimulated by thrombin was only 
weakly affected by genistein but it inhibited platelet 
aggregation and serotonin secretion. On the other 
hand, this isoflavone suppressed platelet aggregation, 
serotonin secretion and protein tyrosine phos- 
phorylation triggered by collagen and stable 
thromboxane A2 analogs. These investigators also 
provided some insight into isoflavone structure- 
activity relationships: daidzein, an isoflavone lacking 
a 5-position hydroxyl group, is inactive as a PTK 
inhibitor but is capable, like genistein, of inhibiting 
binding of the stable thromboxane A2 analog, 
U46619, to platelets with associated reduction in 
collagen- or U46619-induced platelet responses 
[113]. 

Gryglewski and coworkers [114] studied the 
mechanism of the antithrombotic action of flavonoids. 
Quercetin and rutin were capable of dispersing 



platelet thrombi adhering to rabbit aortic endo- 
thelium in vitro and prevented platelets from 
aggregating over a blood-superfused collagen strip 
(adhesion-related phenomena). The in vivo counter- 
part of these experiments involved the infusion of 
quercetin and rutin into an extracorporeal stream of 
blood. Quercetin and rutin inhibited the deposition 
of platelet thrombi on the blood-superfused collagen 
strip at calculated plasma concentrations of 0.05 and 
0.03 /iM. Analogously, in the model for studying 
platelet-endothelium interactions, quercetin and 
rutin, when infused into the stream of blood which 
superfused a rabbit aortic endothelial surface, caused 
the disaggregation of preformed platelet thrombi, 
again at low concentrations. Clearly the expression 
and/or activity of adhesion molecules are affected 
by the flavonoids. The authors concluded that 
flavonols are antithrombotic because they are bound 
selectively to mural platelet thrombi and, because 
of their free radical scavenging properties, modify 
damaged endothelial cells and permit normal 
prostacyclin and endothelium-derived relaxing factor 
synthesis [114]. The relevance of these experiments 
to immunologic and allergic tissue injury is once 
again related to the possibility that platelets may be 
activated and involved in some of these disorders. 

PAF is a well recognized proinflammatory 
mediator derived from membrane phospholipids by 
the enzymatic activity of phospholipase A2 and an 
acetyl transferase. PAF receptor-coupled activation 
of phosphoinositide-specific phospholipase C and 
phosphorylation of several cellular proteins has been 
reported. Dhar and colleagues [115] used the 
isoflavonoid, genistein, to investigate the possible 
involvement of tyrosine kinase in PAF-stimulated 
platelets and the relationship between protein 
phosphorylation and PLC activation. PAF alone 
stimulated PLC activity as measured by the 
production of IP3 and genistein at the high 
concentration of 0.5 mM decreased PAF-stimulated 
PLC activity to control levels. At this concentration 
genistein also blocked PAF-stimulated platelet 
^aggregation. In addition, genistein also reduced PAF- 
induced phosphorylation of proteins of molecular 
weights 20,000 and 50,000. Moreover, poly- 
morphonuclear leukocyte-induced 40,000 molecular 
weight protein phosphorylation was additionally 
affected by genistein. Taken together these results 
strongly suggest that genistein inhibited PTK at an 
early stage of signal transduction resulting in 
inhibition of (or associated with inhibition of) PLC 
which in turn would result in decreased activation 
of protein kinase C via reduced PLC-catalyzed 
formation of DAG. The combined effects would, 
therefore, result in a reduction of protein phos- 
phorylation. Based on these and other experiments 
the authors finally concluded that tyrosine phos- 
phorylation is involved in the PAF receptor-coupled 
activation of PLC and signal transduction mechanism. 
It is tempting to speculate that there may be other 
isoflavonoid or fiavonoid compounds, both natural 
and synthetic, which could affect the outcome of 
PAF-stimulated pathological states. 

Conclusion 

In summary, no doubt can remain that the 
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flavonotds have profound effects on the function of 
immune and inflammatory cells as determined by a 
large number and variety of in vitro and some in 
vivo observations. That these ubiquitous dietary 
chemicals may have significant in vivo effects on 
homeostasis within the immune system and on the 
behavior of secondary cell systems comprising the 
inflammatory response seems highly likely but more 
work is required to strengthen this hypothesis. 

Ample evidence indicates that selected flavonoids, 
depending on structure, can affect (usually inhibit) 
secretory processes, mitogenesis, and cell-cell 
interactions including possible effects on adhesion 
molecule expression and function. The possible 
action of flavonoids on the function of cytoskeletal 
elements is suggested by their effects on secretory 
processes. Moreover, evidence indicates that certain 
flavonoids may affect gene expression and the 
elaboration and effects of cytokines and cytokine 
receptors. 

How all of these effects are mediated is not yet 
clear but one important mechanism may be the 
capacity of flavonoids to stimulate or inhibit protein 
phosphorylation and thereby regulate cell function. 
Perhaps the counterbalancing effect of cellular 
protein tyrosine phosphatases will also be found to 
be affected by flavonoids. Some flavonoid effects 
can certainly be attributed to their recognized 
antioxidant and radical scavenging properties. A 
potential mechanism of action that requires scrutiny, 
particularly in relation to enzyme inhibition, is the 
redox activity of appropriately configured flavonoids. 

Finally, in a number of cell systems it seems that 
resting cells are not affected significantly by 
flavonoids but once a cell becomes activated by a 
physiological stimulus a flavonoid-sensitive substance 
is generated and interaction of flavonoids with that 
substance dramatically alters the outcome of the 
activation process. 
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The isolation and separation of defatted soybeM» 
meal isoflavone glycosides by chelation with alu- 
mtnum oxide and subsequent ch^omatograph^^^^^^^ 
nolyamide columns have been described. A pro- 
cure for the quantitative determination via gas 
cS^matography of isoflavones in soybeaii med 
elaborated. The resulting analytical data 
showed that the content of isoflavones in soy- 
taTs amounts to 0.25% and that 99% of/^^^^^^^^ 
flavones are present as glycosides: 64% gemstin. 



23% daidzin. and 13% glycitein 7-0-3-glycos.de 
llybean oil does not contain isoflavones. The 
^^h depression of Trichoderma l^Snorum Rhi^ 
zoctonia solani. Fusarium oxysporum, pthmm 

Ipp^Rhuopus spp. and ["'^''the p es 

by soybean isoflavones is due mainly to the pres 
ence of free isoflav--" in the growth ^^^^1^' 
whUe the activity Wcosides .s .n most .n- 

stances negligible. 



Soybeans have been known to contan the two isoflavone 
glycosides genistin and daidzin and their respective ag y- 
giycobiuc B Walter 1941). Evidence has been pro- 

ZT6 Sly on thY^reLce of a third isoflavone. gWci- 
S the stniLre of which has been determmed (Nairn et 

"'ThTsimctures of the known soybean isoflavones are as 
follows. 




R= O 



genistein, R. = OH; R. = H R3 = OJ^L^'Ah. R = OH 
genistin, R, = 0-glucosyl; R, = H; R, - OH R, OH 
daidzein. R. = OH; = H; R3 = H R, = OH _ 
daidzin. R, = O-glucosyl; R, = H; R, " ^l" °" 
glycitein. R, = OH; R, = OCH3, R3 = H; R. - OH 
Blycitein 7-/»^ 0-glucoside. R, = O-glucosyl; R, - OCH,. 

R, = H; R, = OH 
The wide use of soybeans as a protein source for hu- 
mans and farm animals implies the quantitative assess- 
ment and evaluation of minor constituents, such as isofla- 
vones at the levels normally ingested. It ^ee" Je ^m 
of the present study to isolate and separate the native free 
Soflavones and isoflavone glycosides in soybeans and to 
elaborate a reliable analytical method ^orjl^^l^^^lf^ 
tive determination. In view of he presence of other glyco 
sides of genistein in different plants (Zemplen et a^. 1943, 
sTabo etal.. 1958), it was of interest to establish the posi- 
tion of ^ycosidic linkages in soybean isoflavone glyco- 

"tfnce antifungal factors in red clover have b-n^dent^ 
fied as isoflavones (Virtanen and Hietala, .1958, Breden 
here 1961). and isoflavonoids were recognized as phyto- 
Sns in various plants (Kuc, 1972), and also in infected 
soya plantl cKeen et al.. 1971). it has been attempted to 
study the effect of soybean isoflavones on pathogenic fung, 
and to relate fungistatic activity to their composition and 
structure. 

EXPERIMENTAL SECTION 

Isolation. Separation, and "^f 'n«t"**extracted on 
vone Glycosides. Isoflavone glycosides 
a preparative scale from an aqueous syrup (Chayot Indus 
tries, Ashdod, Israel). The syrup, which I'^^J'^^^^^^l 
50% dry matter, was obtained as a residue after extraction 
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with 60% ethanol of commercially defatted soybean flakes 
and subsequent evaporation of the f f J""^''"^'^""' 

°^rp^n^^n"o'^^\» 

oLvone ; ycosld« carried out according to Nairn 

It ar(1973) The glycosides were separated by chelation 
of tse beiring an Insubstituted hydroxy 8-"^ * C. 

1% (w V HCl in methanol. Since the procedure did not 

XTont gl^ycLfdeTi^om 80% ethanol according to 

"^AaeVlvtporation of the solvent the nonchelated glyco- 
sides were Separated by column chromatography on poly- 

8 and 10% methanol in ethyl acetate. Fra«»o"^ ^"266 
lere collected and their absorbancy ^-^^^^^^fj'^. 
nm The fractions were evaporated to dryness ana 
Ivzed for isoflavones as described later^ , 
'separation and Identir.cation of F^ee Isoflavones. In 
dividual glycosides obtained as described above^^^^^^ 

-S£fo&«M^^^^^^^^^ 
^^Sr^as p:rmtdrKi:^^^^^^^ O (Merck) with the 

lowing solvent mixtures: (A) <=h»<>^°^^'"-"lf„^eC 
Beck 1964); (B) benzene-ethyl acetate-petroleum 
bp 4b-60°)-methanol (6:4:3:1) /farz, 1969), (C.) 
peLleum ether (bp 40-60') (7:3) ^Bf^^' Jff ^^^^^ detected 

The isoflavones on the f 'omatoplates were a 
either with the Folin-Ciocalteau reagent in an amin 
Saturated chamber (Beck, ^^^^ ^^^.^^'^i^eslere 
traviolet lamp at 366 nm (Bff.nt ? was used for pre- 
^Jt:^:.^^"^!^^^^^^ same di- 

'^^irwas performed on,.tHmethgilyl de^^^^^^^^^^ 
2 m X 0.52 cm column ot 0.75% bb-JU on oas, . indner 
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Characterization of Isoflavones. Uv spectra were de- 
termined .n a Beckman DB-G spectrophotometeriDec 

01 jNawjvie AICI3-HCI, NaOAc, and NaOAc-HsBO, on 

2 (1970^''" ''"'"•"^'^ ^^-"^'^d by Ma?4 7t 
Analysis of the Carbohydrate Moiety. The confieura- 

t.on and constitution of the carbohydrate moLry aKs 
hnkmg position to the aglycone were determTned by met^ 
. ylat,on of separated isoflavone glycosides according S the 
pK.cedure of Kuhn et al. (1955). After two suf«ss5ve 
methylat.ons methanolysis was carried out in 4% (w/v) 
methanol-HCl for 6 hr. Glc of the methylated sugars wis 
T^^rf ' "u^ ^-'^ cm columns of Chromosorb W 
(AW) coa ed w.th 5% (w/w) neopentvl glycol adipate 
a/ ^lS V r temperature of ISO'Vsp^K 
ai 1968). T, values are quoted relative to methyl 2 3 4 6 
tetra-O-methyl-^-D-glucopyranoside. ^ ' ' ' 

beanT"For^th-^ Determination of Isoflavones in Soy- 
beans. For this determination 250 g of the finelv erounH 

extracted first with ether and then with absolute metha- 
the free' fsol'' «PP"«tus. After evaporation of the ether, 
the free isoflavones present in the oil were extracted with 
tl^ee portions (100 ml each) of absolute methanof Se 
methanohc extracts of the oil as well as of the soybean 
flour were concentrated to a syrup. A 50-s oortLn nf !h» 

Shanon""' ^^1!""^ i^"^^ extr'acSon'^ifh ether and 
methanol) was subjected to acid hydrolysis in 1 N H,io, 
m dioxane-water (1:3), for 10 hr and the liberated i«ofl« 

the" meTr T'T'^ "'^^ The thrJe : S fe 

the methanol extracts of the oil, the methanol extract of 
the soybean flour, and the ether extract of the aSd hv 
drolysate of the . residual flour, were subjected to polyam 
ide column chromatography. Elution was performed wiTh 
ethyl acetate and then by solutions of 5. 7 (for agTycoS) 

sTvelv ^rT r''"?' '^"^ ^'^*=°^'^««> - ethyl attafesu^^^^^^^ 
s.vely_ Fractionation was followed up by measuring the 

Sr^then' ev« 'V^fT ^ the fractiJS 

tTined^t^n. *° '^'y,''^^- '^^^ fr«<=tions which Con- 

ner (^OCTf'T?"^"'"'"". by glc according to Lind- 

ner (1967). The free isoflavone content of the fractions 
which were high in lipids could not be determined by glc 
ti^? .they, contained impurities, which had retention 
£ fsoSvS' with those of isoflavones. The amount of 
Sfieck Tl9W)'^^' determined therefore by the tic meth- 

effec?w«f Hfr'"*''**!i*t °" ^"""""'^ «f I="»ngi- Isoflavone 
terTinnr i*^.""".!^ ^'^-^^ °- two methods, (a) De- 
fa^? ^^'Sht as a Measure of Growth R so 

was grown in 20 ml of growth medium wWch con- 
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Figure 2. Separation of glycitein 7-0-/3-glycoside and dairi^in h 
Chromatography on a polyamide column. ' " ^ 

o^^^^* (^'f*^")' 0.5% Bacto-pepton, 

and tLSllT. '^^^^ '"^'^'"^ °f the coIon^ 

and transferred to flasks containing 20 ml of yeast extract 
broth supplemented with 0.1% of soybean isoflavones. The 
flasks were mcubated at 28° in a shaking water bath ad 

i'^d^'^^vfr"^^/.™!? • ^^^=^"^1 ^°-th was allied ?o 
l^^c /r ^ ^"'^ ^^^e withdrawn at 24-hr in- 

tenrals (five replicates each time). The mycelia of each 

1 . ^^"r^*^'^, ^°^th medium by washing 

t^A ^"chner funnel then transferred to previously dried 
and weighed petri dishes and dried at 90' until thS 
reached constant weight. ' 

Tit\TT7^T °' ^^<^^''°' Growth of Various Fungi. 
1 f n ° mycelial growth was assayed 

w followmg fungi: Trichoderma lignorum, Rhizocto- 
nia solani Fusanum oxysporum. Pythium spp.. Rhizopus 
^ * ^"^^.■S^'f^''*'"'" (received from the Depart- 

a!^1^1 Microbiology and Phytopathology, the Faculty of 
t«^ hL T' ^hovot Israel). The fungi were grown on po- 
n^q? ''^t .agf^ (PDA), according to Johnson et al. 
JZa- ' rP^i """^ diameter) with 15 ml of 

we^ ? ""^ '".'^•^'"eter) of agar with mycelium 

were cut from the margins of 48-hr.old colonies with the 
aid of a stenle cork-borer and transferred to petri plates 
containing PDA supplemented with various amounts of 
isoflavones. Mycelial growth was allowed to proceed at 28° 
until the mycelium in the control reached the margin of 
the petri plate. Each experiment was carried out in five 
replicates, and mycelial growth of each fungus was deter- 
mmed by the area covered by the mycelium. 
•Liberation of aglycones from their glycosides into the 
growth medium was followed by tic (Beck, 1964) The ef- 
fect of methylated free isoflavones on R. solani was also 
examined. A mixture of methylated free isoflavones was 
prepared by treating the mixture of free isoflavones with 
LH2N2 in ether during 3 days. Absorption and transloca- 
tion of free isoflavones by R. solani were studied by the 
^ dish technique as described by Schutte (1956) (Figure 

RESULTS AND DISCUSSION 

Characterization of Soybean Isoflavone Glycosides. 
1 he results obtained by separation of the nonchelated gly- 
CTOides on a polyamide column are shown in Figure 2 
After acid hydrolysis of the fractions glc and tic analyses 
of the aglycones revealed that 10% methanol in ethyl ace- 
tate elutes glycitein 7-0-^-glycoside which is followed by 
daidzm. When genistin is not removed by chelation prior 
to column chromatography, it is also eluted with the same 
solvent and overlaps the peak of glycitein 7-^.0-glucoside. 
A very good separation between the previously nonsepara- 
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Fiaure 4 Effect of a mixture of isoflavone aglycones {OAy 
gSwth medium on growth of R. ^o'^n/ (1 ) native aglycones (2^^ 
methylated aglycones (both measured by area of mycelium). 
(3) native aglycones (measured by dry weight). 



9 50 




Piflure 5 Effect of 0.1% Of mixtures of isoflavone aglycones 
oMsoflavone glycLd^^ (Q) in growtf, .^g.^z^'l^ 
g owth of various fungi: (1) Trichoderma SDP (I) 

ron/a solani: (3) Fusarium oxysporum: (4) Pythium spp. 
Sclerotium rolfsii; (6) Rhizopus spp. 



TME (min) 

Fiqure 3. Gas-liquid chromatographic separation of free isofla- 
vines obtained by acid hydrolysis of their glycos.des elu ed 
Tor^ a polyamide column with 10% MeOH in EtOAc: (a) first 
fraction; (b) second fraction. 

ble genistin and daidzin could be achieved by th^ means 
(Figures 3a and b). Recovery tests, conducted with a mix- 
ture of known amounts of the glycosides, gave yields of 
85-86% from the column. , . , r i 

The aglycones in the hydrolysates of mixtures of glyco- 
sides were identified by tic and glc (Table I). The per c^t 
composition of the mixtures was Sl.5% genistein, 10% 
daidzein, and 2.5% glycitein. No additional isoflavones 
were present. , ; 

Gas chromatographic analysis of the separated methy- 
lated glycosides showed the presence of methyl Ad.4,o- 
tetra-O-methylglucopyranoside as the only, sugar deriva- 
tive. This finding excludes the possibility of a carbohy- 
drate chain attached to the aglycone, but .it does not rule 
out the attachment of several glucose residues, each at 
another point, to the aglycone (Zemplen et al.. 1943; 
Szabo et al.. 1958). This possibility was however, dis- 
proved by the following experimental results., Uv spectral 
analysis of the glycoside fraction, which contains gemstein 
as its aglycone, did not show a bathochromic shift of band 
II after addition of NaOAc, but such a shift was found 
after acid hydrolysis, indicating that the OH jproup at C7 
provides a glycosidic linkage (Mabry et al.. 1970). Quanti- 
tative determination of the components of an acid hydroi- 
ysate of this fraction gave a 1:1.4 weight ratio between 
sugar and aglycone, corresponding to a 1:1 molar ratio, i.e. 
this fraction contains solely genistin. The conversion of 




Fiaure 6 Effect of 0.005% of mixtures of isoflavone aglycones 
S or tsoTla^one glycosides (□) in growth medium on mycelial 
growth of various fungi; see caption to Figure 5 for 1 -6. 

the glycoside of daidzein to formononetin (7-hydroxy-4'- 
methoxyisoflavone) or of the glycoside of glyf '^em to af- 
rormosin (7-hydroxy-4^6-dimethoxyisoflavone) could onty 
have occurred when the sugar mo.ety I'n^ed exclu 
sively to the OH group at C7 (Nairn et al.. 1973), Thus it 
couTd be concluded that the carbohydrate njoiety of each 
glycoside is composed only of one glucose residue, which is 
invariably linked to C7 of the aglycone. the 
The uv spectrum of glycitem 7-0-P-glucoside had the 
following absorption: (MeOH) X„ax 318 259 228 ?h). 
MeOH^ NaOMe) 322 (sh). 272 223, (MeOH AICI3) 
312 264 228 (sh); (MeOH + AICI3-HCI) 312, 263. /jO 
(sh); (M;0H + NaOAc) 316. 260. 229; (MeOH + NaOAc- 
H3BO3) 318. 260. 230. ^ ^ . „ 

Quantitative Determination of .ls<»n?r«»'i?* 
beans. The quantitative determination of '^oflavones was 
performed in the ether extract of soybean n>eal, in the 
methanol extract of soybean meal and in ihe a^'d hydro^ 
ysate of the residual soybean flour after et^er c ana 
Lthanolic extractions. These three extracts were subject 
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Table I. Characterization of Soybean Meal Isofla vone Aglycones by Tic and Glc« 

: . . _ 



Sample 



Glc, 0.75% 
SE-30 on Gas 
Chrom Q 



Tic with solvent 



Re* 
with 

Color appearance Cioc 
upon irrad. at 360 nm re* 



Genistein 
Daidzein 



1.65 
1.40 



1 

0.65 



1 

0.76 



1 

0.54 



Glycitein 2.3 0.53 0.89 0.32 

« R{ genistein values were used in tic and Tn formononetin values were used in glc of soybean isoflavones. 



Deep purple 
Fluorescent 

green 
Fluorescent 
light blue 



Table II. Content of the Different Isoflavones Present in the Ether Extract of Whole Soybean Meal in th 
Methanol Extract of Soybean Meal, and in the Acid Hydrolysate of the Residual Soybean Flour after Etl- 
and Methanolic Extractions 



xng/100 g of soybeans 



Fraction 



Genistein 



Genistin 



Daidzein 



Daidzin 



Glycitein 



Glycil 
7-0-. 
glucos 



Ether 
Methanol 
Residue 
Total 



0.2 
1.2 

1.4 



157.2 
7.2 
164.4 



ed to poly amide column chromatography of the nonche- 
lated glycosides. Glc analyses of the emerging peaks 
showed that the peaks corresponding to the glycosides 
which resulted from the methanolic extract of soybean 
were free from interfering substances (Figures 3a and b). 
After hydrolysis the isoflavones could be determined by 
glc according to the gas chromatographic procedure of 
Lindner (1967). The transfer through the polyamide col« 
umn and the hydrolytic treatment, which resulted in loss- 
es of 15 and 5%, respectively, were taken into account. 

Since accompanying substances interfered with the 
quantitative gas chromatographic determination of free 
isoflavones in the etheric and methanolic extracts of soy- 
bean meal, their amount (traces) was determined by the 
method of Beck (1964). As shown in Table II, practically 
all the isoflavones in soybeans are present as glycosides, 
and the free isoflavones amount to less than 1% of the 
total. About 4% of the glycosides were still found in the 
residual soybean flour, obtained after etheric and metha- 
nolic extractions. The total percentage of isoflavones in 
soybeans is about 0.25%. The amount of genistin is con- 
siderably higher than of those of the two other isoflavones. 

The finding that soybeans contain isoflavone aglycones 
which are soluble in ether raised the question of their pos- 
sible presence in commercial soybean oil. Samples of 200 
ml of commercial soybean oil (Shemen Co., Haifa, Israel) 
were subjected to the procedure of isolation of free isofla- 
vones, including column chromatography on polyamide. 
No free isoflavone aglycones could be identifled in the 
various fractions by tic and glc. It may therefore be con- 
cluded that no detectable isoflavone aglycones are present 
in commercial soybean oil, probably since the commercial 
process uses petroleum ether for extraction. 

Effect of Soybean Isoflavones on Growth of Fungi. 
Isoflavones exert pronounced fungistatic activity, as mea- 
sured by the area of the mycelium as well as by the dry 
matter content (Figures 4-6). 

It is remarkable that a significant fungistatic activity 
was noted at concentrations as low as 0.005% of free iso- 
flavones (Figure 5) and it was not exceeded when the con- 
centration was raised to 0.1% (Figure 6). The fungistatic 
potency of isoflavone glycosides was, however, very limit- 
ed. A direct relationship was found between the extent of 
growth depression caused by isoflavone glycosides and the 
amount of free isoflavones released into the growth medi- 



0.3 
0.3 

0.6 



56.1 
2.0 
58.1 



0.01 
0.1 

0.11 



32.: 
1.' 
3SA 



um (unpublished results). It is assumed that fungal 
cellular glycosidases enhance the fungistatic acti\ 
isoflavone glycosides by releasing free isoflavones. 

Experiments with R, solani showed that the dil 
free isoflavones possess similar fungistatic potency, 
also found that methylation of hydroxyl groups inci 
significantly (P < 0.05) the fungistatic activity (Figi 
probably by making the isoflavones more lipophilic 
thus facilitating their passage through the cytoplas 
membrane. These findings are consistent with prt 
results (Figures 5, 6), which showed a greater fungi 
activity of free isoflavones as compared to that of th 
cosides. Increase of polarity of the inhibiting agent j 
to reduce its activity. 

In order to ascertain that isoflavones do indeed 
trate into the cytoplasm and can be translocated i 
fungus, the "dish technique" of Schutte (Figure 1 
adopted. By using this method diffusion of the test i 
rial through the growth medium is prevented. If th 
amined isoflavones are found in mycelial parts, whicl 
no direct contact with the growth medium containin 
isoflavones, this can be taken as proof for their trans 
tion by the fungus. Such translocation could be sho\ 
the case of soybean isoflavones. It made no diffei 
whether the mature point of the mycelium (the inocu 
or the younger one (the apex) was brought into coi 
with agar containing isoflavones; they could be ident 
by tic in every part of the mycelium. 

ACKNOWLEDGMENTS 

The authors wish to express their appreciatior 
"Chayot Industries," Ashdod, Israel, for supplying 
soybean syrup; to the Department of Microbiology, 
brew University of Jerusalem, Faculty of Agriculture, 
supplying the fungi; to T. Mabry (University of Te 
Austin, Tex.), J. A. Lamberton (CSIRO, Melbourne, 
tralia), E. M. Bickoff (U.S. Department of Agricult 
Albany, Calif,), and H. Grisebach (University of Freib 
Freiburg, Germany) for supplying samples of isoflavo 
and to M. Hershman for valuable technical assistance. 

LITERATURE CITED 

AspinaM, G. O., Gestetner, B.. MoUoy, J. A., Uddin, M. 
Chem. Soc. C, 2554 (1968). 

J. Agr. Food Chem., Vol, 22. No. 5. 1974 



GARCIA at. 

» Barz, W. Z., 2. Naturforsch. B 24. 234 (1969). 

Beck, A. B., Aust. J. Agr, Res. 15, 223 (1964). 

Bredenberg, J., Acta Chem. Fenn, 34. 23 (1961). 

Johnson. L. F., Curl, E. L., Bond. J. H., Friburg, H. A., "Meth- 
ods for Studying Soil Microflora and Plant Disease Relation- 
ships," Burgess Publishing Co., Minneapolis. Minn., 1959. 

Keen. N., Sims, J., Erwin, D-, Rice. E.. Partridge. J.. Phyto- 
pathology 61, 1084 (1971). 

Kuc. J., Annu. Rev. Phytopathol. 10, 291 (1972). 

Kuhn, R., Trischmann, H.. Low. I., Angew. Chem. 67. 32 (1955). 

Lindner, H. R., Aust, J. Agr. Res. 18, 305 (1967). 

Mabry, I. G., Markham, K. R., Thomas. M. B., in "The System- 
atic Identification of Flavonoids," Springer-Verlag. Berlin- 
Heidelberg-New York, 1970. 

Nairn, M.. Gestetner, B.. Kirson. I., Birk, Y.. Bondi. A.. Phyto- 



chemistry 12. 169(1973), 
Schutte. K. H., New Phytol. 55, 164 (1956). 

Szabo. v., Bognar, R.. Puskas, M., Acta Chim, (Budapest) 15. 103 
(1958). 

Virtanen. A. J.. Hietala, P. K., Acta Chem. Scand. 12, 579 
(1958). 

Walter, E. D.,«/. Amer. Chem, Soc. 63. 3273 (1941). 

Walz, E., Justus Liebigs Ann. Chem, 489, 118 (1931). 

Wang, L. C, Anal. Biochem. 42, 296 (1971). 

Zemplen. G., Bognar, R., Farkas, L,. Chem. Ber. 76, 267 (1943). 



Received for review December 12, 1973, Accepted March 27. 1974. 
This investigation was supported by U. S. Department of Agricul- 
ture Grant No. FG-Is-289. 



Physical-Chemical Characteristics and Heavy Metal Content of Corn Grown on 
Sludge-Treated Strip-Mine Soil 

William J. Garcia,* Charles W. Blessin, George E. Inglett. and Robert O. Carlson^ 



Corn was grown on strip-mine soil where anaero- 
bically digested liquid sludge had been applied at 
a rate of 25 tons of sludge solids per acre. An ad- 
jacent plot of soil received no sludge. Corn grain 
grown on untreated strip-mine soil was charac- 
terized as immature and kernel size varied from 
small to intermediate, with about 20% of the ker- 
nels being diseased. In contrast, sludge-grown 
corn was well developed and corn yield increased 
fourfold over the untreated com. Furthermore, a 



significant protein enhancement of 2.5 percentage 
points was also realized. Concentrations of seven 
heavy metals (Zn, Mn, Cu, Pb, Cr, Cd, Hg) in- 
creased in grain, cobs, and husks in that order. 
For com grain grown on untreated and sludge - 
treated soils, essentially no significant differences 
were found in heavy metal content when com- 
pared to 11 other corn varieties grown normally. 
Heavy metal contents of both soil and sludge 
samples were also determined. 



A preliminary investigation was initiated to study corn 
grown under unique conditions — on strip-mine land treat- 
ed with anaerobically digested liquid sludge. The Metro- 
politan Sanitary District of Greater Chicago has instituted 
a project in Fulton County in Central Illinois encompass- 
ing two major objectives: (a) disposing of anaerobically di- 
gested sludge and (b) upgrading organically deficient strip 
mine soil to the point where it can be productive agri- 
culturally. Corn, a product of major commerical impor- 
tance in this area, was chosen as the demonstration crop 
to study the effects of land application of sludge under 
specific controlled conditions. 

A commerical yellow seed corn was planted in a tilled 
field of strip-mine soil. For comparative purposes, one 
plot was treated with sludge representing an equivalent of 
25 tons of solids per acre, and an adjacent plot was not 
treated with sludge. On October 28, 1971, corn samples 
representing sludge-treated and untreated conditions were 
collected. 

We measured the major physical and chemical charac- 
teristics of the whole kernel corn produced and grown 
under these two conditions. In additionrwe determined 
the heavy iinetal content for parts of the corn plant that 
were conttguous with the whole kernel to establish the up- 
take of these metals. We wanted to answer the important 
question — are heavy metals, which are present in the 
sludge in very small quantities, translocated by way of the 
soil to the various parts of the corn plant, particularly the 



Northern Regional Research Laboratory, Agricultural 
Research Service, U. S. Department of Agriculture, Peoria, 

Illinois 61604. 

^Present address: The Metropolitan Sanitary District of 
Greater Chicago, Chicago. 111. 60611. 



edible parts? The metals studied included zinc, manga- 
nese, copper, lead, chromium, cadmium, and mercury. 

Previously, Braids et al. (1970) studied the effect on 
crop yields of Reed Canary grass and sorghum grain but 
where digested sludge was applied to lysimeters. They 
also determined the elemental uptake of manganese, iron, 
copper, and zinc by corn grain and leaves. 

MATERIALS AND METHODS 

Sample Collection and Preparation. In each plot (un- 
treated and sludge-treated), corn ears with husks intact 
were removed from the plants in the field and placed m 
large plastic-lined paper bags. Each bag contained ears 
representing many plants, and several bags were filled 
from each plot. The sealed bags were placed in cold stor- 
age at -29** until the samples were to be examined. 

For analytical work, a composite whole grain corn sample 
representing each plot was prepared. For representative 
corn ear selection, all the bags were removed from cola 
storage and the' contents were allowed to come to ambient 
laboratory temperature. All the ears of corn were sepa- 
rated into three relative sizes: large, medium, and small- 
An equal number of ears of each of the three sizes was 
then taken to start the formation of the composite grain 
sample. To avoid cross-contamination between untreatea 
and sludge-treated samples, work on each lot was done on 
separate days, . 

The husks were removed and collectively gathered » 
large plastic bag. The ears with the kernels intact wer 
weighed and recorded. The kernels from each ear wet- 
then removed by hand and counted and both kernels an 
cob were weighed separately. To form a composite ^ 
sample, all the kernels from each succeeding ear of ^ 
were combined cumulatively until the total exceea 
10,000 kernels. The resultant composite samples require ^ 
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GENISTEIN INHIBITION OF THE GROWTH OF HUMAN BREAST 
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The effect of isofiavones on the growth of the human breast carcinoma cell 
line 3, MDA-468 (estrogen receptor negative), and MCF-7 and MCF-7-D-40 
(estrogen receptor positive), has been examined. Genistein is a potent inhibitor 
of the growth of each cell line (IG50 values from 6.5 to 12.0 jig/ml), whereas 
biochanin A and daidzein are weaker growth inhibitors (IC50 values from 20 to 
34 jig/mi). The isoflavone p-glucosides, genistin and daidzin, have little effect 
on growth (IC50 values >100 ^ig/mi). The presence of the estrogen receptor is 
not required for the isofiavones to inhibit tumor cell growth (MDA-468 vs MCF- 
7 cells). In addition, the effects of genistein and biochanin A are not attenuated 
by overexpression of the multi-drug resistance gene product (MCF-7-D40 vs 

MCF-7 cells). « 1991 Academic Press. Inc. 



Rats consuming a soy-based diet develop a lower number of mammary tumors 
following administration of the carcinogens N-methylnitrosourea and 7,12- 
dimethylbenz[a]anthracene than rats on isonitrogenous and isocaloric diets 
without soy (1). We have speculated (1) that the aglucones of the isofiavones in 
soy, genistein (5,7.4'-trihydroxyisoflavone) and daidzein (7.4'- 



To whom correspondence should be addressed. 
Abbrfiviations : ER, estrogen receptor; MTT, 3-{4,5-dlmethyIthiazol-2-yl)-2,5- 
diphenyltetrazoHum bromide; MDR, multi-drug resistance; TPK, tyrosine protein kinase; EGF-R, 
epidermal growth factor receptor; HPLG, high performance liquid chromotography; gp 170, a 
170,000 Da glycoprotein, a product of the multidrug resistance gene. 
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dihydroxyisoflavone). may have properties similar to the antiestrogen drug 
tamoxifen, which competes with estrogen for occupancy of the estrogen 
receptor (ER). thereby inhibiting the metastatic growth of breast cancer. On the 
other hand, it has been shown that isoflavones. particularly genistein. are 
potent inhibitors of the tyrosine protein kinase (TPK) activity of growth factor 
receptors, such as epidermal growth factor receptor (EGF-R) (2). and several 
oncogenes which may be associated with tumor cell growth and tumor 
recurrence, such Ha-iaa (3) and pp56>ck a Sffi-family kinase (4). Since many 
recurrent breast cancers are ER-independent. a drug or dietary agent that 
inhibits the growth of both ER+ and ER- tumors would be of great interest. 

In addition, it is important to determine whether such compounds are 
substrates of the multi-drug resistance (MDR) gene product. P-glycoprotein. 
This 170 KDa cell membrane protein (gp 170) confers resistance to a .wide range 
of chemotherapeutic agents by acting as a drug efflux pump, thereby reducing 
the concentration of the drug in the cytoplasm of the tumor cell (5). 

In this study, we have examined whether: (1) soy isoflavones inhibit 
the growth of human breast cancer cells in culture. (2) whether 
inhibition is dependent on the expression of the ER and (3) whether 
inhibition is attenuated by expression of gp 170. 

MATERIAL S AND MFTHO nQ 

Mal^iaia; Soy molasses was a gift of the Archer Daniels Midland Co. (Decatur 

f ^^'""^ ^"^ antibiotics were obtained from Gibco (Gaithersburg. 
MD). Tissue culture supplies were from Costar (Charlotte NC) 3-(4 5- 
dimethylthia2ol-2-yl)-2,5-diphenyI tetrazolium bromide (MTT), doxorubicin, o- 
and p-glucosidases and biochanin A (4'-methoxygenistein) were from Sigma 
Chem. Co. (St. Louis. MO). Microtiter plates. Sephadex G-25 and CNBr-activated 
Sepharose were purchased from Pharmacia (Piscataway. NJ). Aquapore Cr 
columns were from Brownlee Labs (Santa Clara, CA) 

Cell Cumirft . MCF-7 and MCF-7 D-40. and MDA-468 human breast cancer cells 
lines were gifts of Dr. William Dalton (University of Arizona) and Or Jeff 
Kudlow (Division of Endocrinology, University of Alabama at Birmingham) 
respectively. MCF-7 and MCF-7 D-40 cells were maintained in RPMI 1640 
medium supplemented with 7% (v/v) fetal-bovine serum and antibiotics (100 
units/ml penicillin and 100 ng/ml streptomycin); MCF-7-D-40 cells also 
received 10-8 M doxorubicin to maintain the MDR phenotype; MDA-468 cells 
were maintained on Dulbecco's Modified Eagles medium low glucose with 10% 
(v/v) fetal bovine serum and antibiotics (as above). Cells were cultured as 
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monolayers (passed every 7-8 days) in a 95% air: 5% CO2. water-saturated 
atmosphere. 

icQllaymifi Preparation: Genistin and daidzin were isolated from soy molasses by 
fSStionai crystallization (6) and by adsorption chromatography (7), 
respectively. Their aglucones, genistein and daidzein, were prepared by 
hydrolysis in methanol: 1 M HCl (1:1 v/v). 

g_- .r^ift preparation: Isoflavone samples were prepared from 10, 5. or 2.5 mg/ml 
Jock solutions in DMSO. Aliquots were then taken to prepare the various 
samples (final concerttrations from 1 to 100 \ig/m\), DMSO was added as 
necessary to give a final DMSO concentration of 1% (v/v) in each well. 
H PLC Anaivsis: The purity of the stock solutions and the stability of the 
isoflavones in the tissue culture media during incubation with the cells were 
determined by reversed-phase HPLC on a 30 x 0.45 cm Aquapore Cs column using 
gradient elution with a mobile phase consisting of 0-45% acetonitrile in 0.1% 
(v/v) aqueous trifluoroacetic acid. Eluting substances were detected by their 
at orbance at 262 nm. 

yiahilitv Assav: Cytoxicity of the Isoflavones was determined by a modification 
of the MTT assay (8), which is based on the reduction of MTT by the 
mitochondrial dehydrogenases of viable cells. Cells were plated into 96-well 
tissue culture clusters at densities of 2 x 103 cells/well (MCF-7), 10^ 
cells/well (MCF-7-D40) and 2.5 x 103 cells/well (MDA-468) in 198 ^1 of media 
(optimal numbers of cells for each well were previously determined by ^H- 
thymidine uptake). After plating, the cells were allowed to attach for 2 days. 
Isoflavones were then added (2 ^il volumes as described) and incubation 
c ..-linued for 4 days; control wells received 2 [l\ DMSO. After 4 days, 50 ^il of 2 
mg/ml MTT was added to each well and the plates incubated for 4 h at 37° C. 
Media and unreacted MTT were then removed by gentle aspiration. One row of 
cells had the media removed for HPLC analysis. DMSO (100 ^il) was added to each 
well and the plates were gently shaken for 5 min at room temperature. The 
optical density at 540 nm was immediately determined using a MAXLINE plate 
reader (Molecular Devices, Menio Park, CA). Absorbance at 690 nm was also 
measured to compensate for interfering effects of cell debris and the plate 
i^ ' If The percent survival was determined by comparing the absorbance for 
t. ated cells to that obtained for control cells. Each experiment consisted of 3 
plates, and the results given are the mean and standard error of three separate 
experiments. 

RESULTS AND DISCUSSION 

Genistein was a potent growth inhibitor in both MCF-7 cells (IC50 10.5 ^ig/ml) 
a-i MDA-468 cells (IC50 6.5 ^g/ml) (Fig. 1A). Biochanin A had weaker inhibitory 
effects on the growth of MCF-7 and MDA-468 cells (IC50 values of 22 ^ig/ml and 
30 |ig/ml. respectively) (Fig IB). Daidzein. also had weak effects on ceil growth, 
with IC50 values of 28 jig/ml for MCF-7 cells and 34 4ig/ml for MDA-468 cells 
(Fig 1C). The isoflavone p-glucosides, genistin and daidzin, were not effective 
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in inhibiting cell proliferation, with IC50 values above 100 ng/ml (Fig. 2A and 
B). The weak growth inhibition observed at higher concentrations of genistin in 
MDA-468 cells appeared to be due to tumor-cell induced hydrolysis of genistin 
to genistein (data not shown). This hydrolysis did not occur in MCF-7 cells. 

There was no significant difference in the potency of growth inhibition of 
MDA-468 and MCF-7 cells by each isoflavone. These data suggest that the 
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Figure 2. Inhibition of growth relative to controls of MCF-7 (O) and 

MOA'468 (•) cells by the isoflavones genistin (panel A) and 
daidzin (panel B). 
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isoflavones can act via an ER-independent pathway. This does not. however, r 
out the involvement of EB in isoflavone action in ER* cells. Recent evidence h 
shown that increased phosphorylation of the estrogen and progesterone 
receptors can alter the activity of these receptors (9.10). The isoflavones 
could, therefore, in part, exert their effect by interfering with their 
phosphorylation state. 

The precise mechanism of action of genistein. and of isoflavones in genere 
on tumor cell proliferation is at present unknown. The effect of genistein is 
'however, non-specific; although the growth of raa-transformed NIH-3T3 cell 
was inhibited by genistein. the growth of non-transformed cells at the same 
c nistein concentration was unaffected (11). Genistein inhibits the intrinsic 
TPK activity of many growth factor receptors, including EGF-R (2.3) and 
platelet-derived growth factor receptor (12). The isoflavones could also inh 
targets downstream of the activated receptor such as phospholipase C-y. 
phosphatidylinositol kinases, or MAP kinase, all of which show increased 
tyrosine phosphorylation in response to EOF treatment (13.14.15.16). In supf 
ci. this view, the isoflavone psi-tectorigenin (8-methoxygenistein) has been 
shown to inhibit cellular phosphatidylinositol turnover without inhibiting EG 
TPK activity in A431 fibroblasts (17). Also, genistein can cause cytostatic 
effects ori cell growth without inhibiting the EGF-R TPK activity in NIH-3T3 
cells, possibly due to its preferential inhibition of ribosomal S6 
, osphorylation (18). which is thought to occur via MAP kinase (19). Howeve 
Ogawara et al. (3) found no close correlation between inhibition of EGF-R 
tyrosine kinase activity iasdlttt and the reduction in the growth of Ha-ias 
transformed NIH-3T3 cells. 

An alternative mechanism for the action of isoflavones is their inhibitior 
DNA topoisomerases. Genistein has been shown to inhibit mammalian DNA 
..poisomerase II in L-1210 cells (12). Also, a Chinese hamster ovary cell lir 
with altered DNA topoisomerase activity has been isolated that is more 
resistant to genistein than the parental cell line (20). 

A derivative of the MCF-7 cell line. MCF-7-D40. which overexpresses gp 1 
is resistant to the potent anticancer drug doxorubicin (Fig. 3A) (6). However 

66S 
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DOXORUBICIN (jig/ml) GENISTEIN (jig/ml) 

Figure 3. Inhibition of growth of MCF-7 wild type (•} and MCF-7'D40 
(0) cells by doxorubicin (panel A) and genistetn (panel B). 



IC50 for genistein was the same for the MCF-7 and MCF-7-D40 cell lin^s (Fig. 
3B). In addition, the IC50 for biochanin A was lower in the MCF-'7-D40 cells than 
in the MCF-7 cells (data not shown). These results show that neither genistein 
nor biochanin A are adversely effected by overexpression of gp 170, and suggest 
that the isoflavones, in general, may be immune to the multidrug resistance 
phenomena. In support of this observation, Honma et al. have shown that 
genistein induces differentiation of a multi-drug resistant K562 (human 
myelogenous leukemia) cell line as effectively as in its parental cell line (21). 

The data obtained in this study support the notion that the isoflavones 
genistein and daidzein are active anti-cancer agents in soy. Thus soy, a 
significant part of the diet of many Orientals, may be an important factor which 
accounts for the low rate of breast cancer in Oriental women (22). 
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NEW ISOFLAVONOIDS AS INHIBITORS OF PORCINE 

5-LIPOXYGENASE 
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Isoflavonoids represent an important subclass of the 
flavonoids. The structure of isoflavonoids is based 
on a3-phenylchroman skeleton, which biogenetically 
is derived by aryl migration from the 2-phenylchrQ- 
man skeleton of the flavonoids [1], While flavonmds 
are ubiquitous compounds, the isoflavonoids show 
a limited distribution in the plant kmgdom. They 
are found mainly in the subfamily Papihonoidae of 
the Leeominosae (for review see Ref. 2). 

Isoflavonoids are known to exhibit various 
biological properties, e.g. the insecticidal activity of 
rotcnoids [2] and isoflavans [3], the anU-microbial, 
especially the anti-fungal, activity of the phyioalcwns 
(pierocarpans, isoflavans and some isoflavones 
(2,41), an hypocholesterolemic effect and a tn- 
glyceridc-lowering activity [5-71. The isoflavonoids 
have many properties in common with the flavonoids, 
e.g. anti-cataract [8, 9] anli-inflammatory and anti- 
allergic activity [10-14]. Some biological acuviUes 
are explained by special biochemical mechanisms. 
Thus, the anti-inflammatory and anti-allergic activity 
of flavonoids is in part due to inhibition of the 
enzymes involved in the arachidonic cascade 

One of the enzymes of the arachidonic and 
cascade, the 5-lipoxygcnase (5-LOXt) is the first 
enzyme in the biosynthetic pathway leading to 
LT. LTs are potent mediators, mvolved m 
immunoregulatibn and in various diseases, mcludmg 
inflammation, asthma and diverse allergic reactions. 
In neutrophils, stimulated with the lonophore A 
23187. the main products of arachidonic aad are 5- 
HETE and L-TB* [15]. The same pattern of 5^:U3X 
products is obtained with neutrophils denved from 
various species stimulated under the same conditions 
1161. Previously, the HETEs were considered tobe 
predominantly inactivation products of HFET&s 



without biological importance. New mvesligations 
have shown that HETEs modulate basic biological 
functions such as enzyme regulation, hormone 
secretion, ion transport and immune mechanisms. 
They are involved in pathological processes mcluding 
various inflammatory diseases, arteriosclerosis and 
ischemia (for review see Ref. 17). „^rpc. 

Due to the participation of LT and HE Its in 
various diseases, we evaluate in this study the 
inhibitory effect of different new synthetic iso- 
flavonoids on porcine 5-LOX in vitro. We al«) 
compare the effect of isoflavonoids on porcme 5- 
LOX with that of commercial food antioxidants. 



MATERIALS AND METHODS 



• Corresponding author. . , nu-r 

t Abbreviations; BHA, butylated hydix)xyam5olc;^, 
Ij'Jitylatcd hydroxytoluene; LOX, Upojcygenase; HKfc lt, 
hydroperowicosateuaciioic add; HETE, hydnw^co- 
«tcuaenoic aod; LT, leukotrienc; PG. prostagjandm; 
^TYA, 5,8.11, 14-eicosatcirayiiok: ecid. 



Materials 

All isoflavonoids have been synthesized at the 
InstituteforPhysiological Chemistry oftheUnivcrsity 
of Bonn [181- The antioxidants d/-af-tocopherol, 
BHT BHA and L-ascorbic add were purchased 
from Merck (Darmstadt. Germany), n-propyi gallate 
from Sigma (Munich, Germany) and ascorbyl 
oalmilate from Serva Feinbiochemica (Heidelberg, 
Germany). DeKtran T-500 for cell sedimentation 
was obtained from Pharmacia Fine pemicals 
{Uppsala, Sweden). Arachidonic acid (Merck) was 
Dunfled by silicic acid column chromatography pnor 
Kse- The lonophore A 23157 and PGB, which 
served as internal standard, were obtained from 
Siema. ETYA was supplied by Hoffmann-La-Roche 
(Basle, Switzerland). All salts, organic solvents, thm 
layer silicic add plates and Trypan blue were 
obtained from Merck. All chemicals used were of 
reagent grade. The solvents for HPLC were dned, 
distilled and Altered. 

S-LOX assay 

Preparation of leukocyte suspension Porane 
peripheral blood leukocytes were prepared according 
^ the method of Kuhl ei al, [101- Porcine bio^ 
a 5 L) was decoagulated with 100 mL Hank M>u«er 
solution c ntaining 3.g% sodium ^^^jj 
heparin/mL f blood and passed through a Dextran 
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^ . at 4° for 60 min. 

t6%-\ gradient. After «d»mei«Ution^ ^jj,. 

SmaintngO.38% sodium atrat^^^ 
w^rep«t«l.p«dujt^*j'^^^ buffer (17mM. 
5 min incubation at ^^^^oniumcWonde. After 

^ntrifugation at «J°^g tor^ ^„tainmg 0.38% 
of the ceU5 in H^^i.^.J"" ^a* «ntrifuged again 
sodium citrate, the solunon «a* ponded 
at4«)gfor6mm. Theceupeu ^-^ isotonic 

''^ t ^ by Trypan b»ue 
(higher than 90%) 

exclusion. , porci«e teukocytes. 

/ncufcarion cond«»w« P preincubated for 

Leukocyte ^''^P^^^^^.^SepreLceof diff«^^^ 
3minatroomtemperat«e«^ P .^p^^„„„ds or 

concentrattops (0^5-200 ol or 

«ual fcod aJ^alent suspension wth 

dimethyl sulfoxide. J " S'JSxide) but lacking 
solvent ("banol or *mctby[^;^« «„t 
trsst substance served as " :„flnence on 5-LOX 
SS^otexceed l%.to avoid^"-fSSx activity 

JSx of pofcine leukocytes [201- 

^^e 5-LOX ««*™ X leu^ocyu suspension: 
follov^ng substances w the leu y 

CaO, (2 mM) . ^^'^^^^^faSdS.Ldd (100 ^M). 
(lOMM)andthesub5ttatearacni 

After incubating the j by adding 1 5 mL 

enzymatic reactions -'^^^^Joi ?GB^ (2 Mg) 
of formic aad d^")- samples were extracted 
as an internal '^^^Sthanol (1:1. v/v; 

?;rrS? eTa%rScd"1nd sUed under nitrogen 

at -18^P"0T to HPLC analyse- ^ „,Hormed 
" /S Analytical HP 
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Table 2. val ues of ponane 5-LOX inhibition by various isoflavon^ 
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for an influence of the subsiituents m nng f • « 
obvious that there is no specific relation to 5-LUX 
inhibition. Among the tested isoflavans and 
isoflavones neither size, position nor different charge 
Of the substituenis was decisive for inhibition strength 
(«ee compounds (3). (6), (8), (11). (^O), (21), (22)]. 

Comparing the effects of 6.7^ihydroxy»so- 
fcvoncMds and of the 7,8-dihydroxyisoflavonoid 



isomers on porcine S-LOX. there was «o stru^ur^ 
activity relationship [see compounds 0) ^nd (2), 
fS) and (6), (10) and (11), (1^) and (20)]. In 
Sntr^t , Jt^rtur^activity relationships are obwous 
comparing ortfi^hydroxy^ and '"^""Mr^^^^ 
stituted compounds in ring A. Am^"e 
isoflavans, the ortho-hydroxy isoflavans (7) and (8) 
^ significantly strong r inhibitors oT porcine 5- 
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C.voB.S.SEfU«.vBDA-B<»A"" found for various com- 

absotute inhibmon ^f}^^^"^^, differ depending 

'poui,ds in the l|«!5!j'^S;S„e ^urce. method of 
the type of LOX. the en^y ^,-^4^05 -n»,s fact 
enzyme «olat.°n Bi-d th J^/'y^^^^ti^. ,,Wch may 
is Ulusttatcd m Table 4 I 4^^^^^ T?"**?" 

with certain f^^f'^"^^^ 35 inhibitors of poidne 
Other compounds tcst^^J 1.6 m1^, a 8«>rt« 
5-LOX are: C^/^'^^uvdroguairetic acid Oc„: 
constituent JWl; "^^f '^^^^Jm); p-coumaric acid 

0C»: 2-5MM) and^™'?'^^^ These compounds 
ttSoi/st;stJ^o^^^^^^ i 

A similar result *»^f "^^^^j rgee compounds (1) . were found to be explanation 

more effective = ^ ^s)]. Surpmingly some ^^oihydroxy-subsntutea i ^^^^^^^^ 

(11) and (12) Vee "rfhiHli^^Ti^ul™ and (8) inhibited the S-L^J. ^^jf^^^^ i«>- 

isoflavans, which J^k ^ ^ s.^OXintabitiou. ana W 7 ?dihvdroxyisoflavans 



DISCUSSION 

• ^tOX bv Uoflavotufids and 
Inhibition of porcine S-LOX Oy w J 
food antioxidants . ^^^y 



roonohydroxylated and para^^^^^^^ d , 

pounds proved to be o^ym hydio^q^- 
^vengers. ComPoundsJacwnB ^^^^ ^^j^^^, 

J^up in t»*,'"°»^^^vSds examined in our 
Scavenging. Some During this reaction 

study may also ortho- ^n6/ot para^ 

isoflavonoids °«chz^ ^o ^^j. 
benzoquinones as sho^ n 
.r... ,iZ*v45oflavans in Fig 2a ana u -„„„ived in 



hydroxy- and mctnoxy * 
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nathway . Il is known that fatly acid ^y^^^^"^^^ 
?«Jm^H in LOX reactions are necessary for LOA 

wv iRoflavonoids may reduce the 5-LOA a<=^^^^y-r." 
Sf soybean LOX to t^^^ 

WthU the free hyjoxy^^oup^j^^^^^ 

inhibition of 5-LOX. ' ""^.^^^r^'^^ cellular 
inethylenedioxy- poups may be spUt off by ceiiui 
hydrolases to ^jejd free Jydr^^^^^^ ^^Uvonoids 
^*ld wS^efaSnedToSuboratorie. (6 7 «]- 

found for 5-LOX inhibition). 6 J-Dihydroxyiso 
tovonoids from fennented soy "J *|7,f_;5° 
wronger antio»d«uAan 
Comparing the effect oi ai - . 

isoflavonoids proved to J"*"^^^^, ws for n- 

more active than •JS.XyrpLS ate 

propyl gallatcL-a.c«-bic««l and a^^^ 

were also ^'^"^^^^^^^m is comparable 
inhibitory potency of BMA r.^ HnuiBver 

withtheinWbitioncausedbyisoflavonoids^^^^^ 

the use of BHA and BHT as food addioves » 
Tu'Seiibt^-ayvi.baity^ 

SSncrof BHT the viability decreased to 379fc of 



^^^^^^ 

^Se'I^flavrn^iKnTsoU^^^^ 
of the rat (unpublished data). 
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NEW ISOFLAVONES, INHIBITING CATECHOL-^-^St^^ifYLTRANSFERAS 
PRODUCED BY STREPTOMYCES 

Hideo Chxmura, Tsutomu Sawa, Yoshiki Kumada, Hiroshi Naganawa, 
Meiki Matsuzaki, Tomohisa Takita, Masa Hamada, 
Tomio Takeuchi and Hamao Umezawa 

Institute of Microbial Chemistry, 
Kamiosaki, Shinagawa-ku, Tokyo, Japan 

(Received for publication June 4, 1975) 

In the screening of catechol-O-methyltransferase inhibitors in streptomyces culture 
filtrates, three new isofiavones were isolated. Their structures were shown to be 
3' , 5 , 7-tnhydroxy-4' , 6-di methoxyisoflavone (I) , 3' , 5 , 7-trihydroxy-4' , S-dinnethoxy iso- 
fiavone (II), 3', 8-dihydroxy-4',6,7-trimethoxyisonavone (III). I and II inhibited both 
catechol-O-methyltransferase and dopa decarboxylase, and showed hypotensive action. 
Ill was a specific inhibitor of catechol-O-methyltransferase, and showed no hypo- 
tensive action. 

In 1958. AXELROD and Tomchick*^ found an enzyme system which catalyses the tra 
of the methyl group from S-adenosylmethionine to one of the phenolic hydroxy! grouj 
epinephrine and other catechols, and the enzyme has been purified from rat and human live 
This enzyme reaction is involved in extraneural inactivation of norepinephrine, and the ir 
tion of this route of catecholamine metabolism has been the subject of considerable rest 
interest. Thus inhibitors found in various known compounds have been studied*-"^ We 
interested in the biological activity of specific inhibitors of this enzyme especially their c 
on blood pressure and we screened the activity of culture filtrates of microorganisms i^ 
hibiting this enzyme. In previous papers'''*\ we reported isolation of methylspinazarin 
dihydromethytspinazarin from streptomyces and isolation from fungi of 7-O-methylspinocht 
B and 6-(3-hydroxy-rt-butyl)-7-0-methylspinochrome B which inhibit catechol-O-methyltransfc 
In this paper, we report the isolation of isoflavone compounds inhibiting this enzyme 
streptomyces. The action of one of them was specific to this enzyme and did not show h 
tensive effect on spontaneously hypotensive rats. 

The method described by Nikodejevic et al,^^ was employed to determine the activi^ 
streptomyces culture filtrates in inhibiting catechol-O-methyltransferase. . Then, addition of 
ml of a twice diluted culture filtrate of Streptomyces roseolus (ISP 5174) to the reaction mb 
for the enzyme assay showed a significant inhibition. The activity was produced in n 
containing one of various carbon sources and plant nitrogen sources such as soybean r 
cotton seed meal or corn steep liquor. The following medium was selected as one of sui 
media for the production: glucose 1,0%, starch 2.0%, defatted soybean meal 2,0%^ 1 
0.25%, CaCOiO.35%, CuSO^-SHjO 0.0005 ^, MnCl2.4HjO 0.0005 ZnS04-7H20 0.00 
pH 7.4 before sterilization. When cultured in this medium with or without yeast extract 0 
or corn steep liquor 0.5 %, addition of 0.05 ml of the twice diluted culture filtrate taken 
5 days on a reciprocating shaking machine at 27**C, showed from 50 to 65 % inhibition o 
enzyme which catalysed the transfer of the 'H-methyl group from »H-methyl-Iabeled S-aden« 
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methionine to one of catechol hydroxyl groups of epinephrine. 

The activity in the culture filtrate was extracted with butyl acetate at pH 2.0, and that 
in the mycelial cake was extracted with methanol. The methanol was evaporated under reduced 
pressure, and the activity in the concentrate was extracted with butyl acetate at pH 2.0. Butyl 
acetate extracts thus obtained were combined and evaporated under reduced pressure, yielding 
a brownish oily material. After washing with petroleum ether, the residue was dissolved in 
acetone and the acetone solution was evaporated and dried to a brownish powder. It was 
dissolved in benzene - acetone (10 : 1) and subjected to silica gel column chromatography deve- 
loped with the same solvent. Then, the presence of three active materials was clarified. The 
compound I which appeared in the earliest active peak was crystallized from acetone - «-hexane 
to give pale yellowish needles, m.p. 176°C. The compound II in the second active peak was 
crystallized from hot benzene to give pale yellowish needles, m.p. 197~198°C. The compound 
III which was most slowly eluted was crystallized from acetone - /i-hexane to give colorless 
needles, m.p. 215''C. 

These compounds were soluble in alkaline water, methanol, acetone, slightly soluble in 
butanol, ethyl acetate, butyl acetate. The Rf values on a thin-layer chromatography using 
silica gel were as follows: I 0.30, II 0.25 and III 0.19 with benzene - acetone (5:1); I 0.50, 
II 0.30. Ill 0.31 with chloroform - methanol (40: 1); I 0.65. II 0.60, III 0.50 with benzene - 
ethyl acetate (1:1). 

Compound I has molecular formula 
QtHj.O, (MW 330.28). Found: C, 61.92; H, 
4.31; O. 33.28. Calcd.: C, 61.82; H. 4.27; 
O, 33.91. M\ m/e 330. v^^ur- 3500, 1655, 1630, 
1580, 1520. 1480, 830 and 815 cm'^ P.li.'Ji" 
(loge): 269 nm (4.31) and 295 nm (shoulder). 

Compound II has molecular formula 
QtHi.O^ (MW 330.28). Found: C, 61.63; H, 
4.50; O, 34.31. Calcd.: C, 61.82; H, 4.27; O. 33.91. M\ m/e 330. ^KDr^ 3450. 1655. 1620, 
1580, 1515. 825 and SlOcm-^ X^u'.^^^J' (loge): 269 nm (4.31) and 295 nm (shoulder). 

Compound III has molecular formula C.s^ifir (MW 344,31), Found: C, 62.86; H. 4.79; 
O, 32.35. Calcd.: C, 62.79; H, 4.68; O, 32,53. M+, mie 344. i^KBr: 3500, 1650 (shoulder). 
1615. 1580, 1515, 865 and 854 cm-^ 21',^" (loge): 268 nm (4.31) and 295 nm (shoulder). 

The preliminary chemical studies suggested that they were structurally related compounds. 
By oxidative degradation with alkaline hydrogen peroxide they gave 3-hydroxy-4-methoxybenzoic 
acid which was identified by direct comparison of IR spectra with an authentic sample. The 
UV spectra suggested that they would have isoflavone structures rather than flavone, and the 
NMR spectra indicated a singlet proton signal at 5 8.3 --8.4 in hexadeuterodimethylsulfoxide 
(DMSO-dfl), which was characteristic to C.-proton in isoflavone compounds. 

Compound I gave positive ferric chloride (dark blue) and Gibbs (violet) tests for the phenolic 
hydroxyl group. The NMR spectrum in DMSO-dc showed the presence of two methoxyl 
groups at 5 3.78 and 3.82, three hydroxyl protons at o 13.04 (singlet, hydrogen bonded), ca. 
10.8 and 9.1, the Cg-proton at 5 8.33, a singlet proton on A-ring at 5 6.52 and three aromatic 
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protons on B-ring at 0 7.05 (IH) and 6.97 (2H). 
These results, isolation of 3-hydroxy-4-meth- 
oxybenzoic acid after the oxidative degrada- 
0CH3 tion, and the molecular formula indicated the 

partial structure IV for compound I. 

Compound I afforded the triacetyl deri- 
vative, m.p. 159^*0, by acetylation with acetic 
anhydride and sulfuric acid, and the trimethyl ether, m.p. 185°C, by treatment with dimethyl 
sulfate. Five methoxyl peaks in the NMR spectrum of the latter in deuterochloroform (CDCI3) 
appeared at 5 3.96 (6H), 3.92 (6H) and 3.89 (3H) and shifted to o4.02, 3.74, 3.52, 3.44 and 3.17 
when hexadeuterobenzene (benzene-d^) was used as the solvent. This solvent shift is consistent 
with a 5, 6, 7-oxygenation pattern in ring A as reported by Wilson et al.^^^ and Sidwell et aL^^K 
Nuclear Overhauser effect was observed between the aromatic proton (5 6.28, benzene-de) of 
A-ring and one of the methoxyl signals (5 3.17), +30.3 % CHiOCHa}, in the latter spectrum. 
The result suggested the presence of the aromatic proton at the 8 position. Addition of alu- 
minium chloride and anhydrous sodium acetate caused a red shift of the main UV absorption 
band by 15 and 9nm respectively. These properties are characteristic of hydroxyl groups at 
5 and 7 positions*-'. From the data described above, the structure of I can deduced to be 
3', 5, 7-trihydroxy-4'. 6-dimethoxyisonavone. 

Compound II gave positive ferric chloride (dark blue) and Gibbs (violet) tests. The NMR 
spectrum in DMSO-d^ showed the presence of two mciho.Kyl groups at 5 3.78 and 3.81, three 
hydro-xyl protons at 512.60 (singlet, hydrogen bonded), ca. 10.8 and 9.0, the Q-proton at 5 8.40 
and a singlet proton on A-ring at 5 6.33 and three aromatic protons on B-ring at 5 7.06 (IH) 
and 6.97 (2H). These results and isolation of 3-hydroxy-4-mcthoxy benzoic acid after oxidative 
degradation suggested the partial structure IV for compound II. Compound II gave the triacetyl 
derivative, m.p. 144**C, and the trimethyl ether, m.p. 163'*C. Five methoxyl peaks in the 
NMR spectrum of the latter in CDCI3 appeared at 54.01, 3.98, 3.93 (6H) and 3.91 and shifted 
to 5 3.78, 3.50, 3.47, 3.43 and 3.26 when bcnzcnc-do was used as the solvent. This solvent 
shift is consistent with a 5, 7, 8-oxygenation pattern in ring A^''-^'^ iNuclear Overhauser effect 
was observed between the aromatic proton (5 6.00, benzcne-dg) of A-ring and the methoxyl 
signal at 5 3.26. -f 14.3 % CHlOCHa}, and another methoxyl signal at 5 3.50, -f 13.6 % CHlGCHg}, 
in the latter spectrum. The results suggested the presence of the aromatic proton at the 6 
(or 7) position. Addition of aluminium chloride and anhydrous sodium acetate caused a red 
shift of the main UV absorption band by 16 and 10 nm respectively. These properties are 
characteristic to hydroxyl groups at 5 and 7 positions'=\ Then the structure of II was deduced 
to be 3', 5, 7-trihydroxy-4',8-dimethoxyisoflavone. 

Compound III gave negative ferric chloride and positive Gibbs (blue) tests. The NMR 

spectrum in DMSO-d. showed the presence of 
three methoxyl groups at 5 3.90, 3.83 and 3.81, 
two hydroxyl protons at ca, 5 10.0 and 9.0, the 
C--proton at 5 8,39, a singlet proton on A-ring 
at 5 7.07 and three aromatic protons on B-ring 
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at i5 7.07 (IH) and 6.98 (2H). There was no hydrogen-bonded hydroxyl proton. Compound 
III gave the diacetyl derivative, m.p. 165**C. The NMR spectrum in CDCl, showed the 
aromatic proton of A-ring at 5 7.58 (singlet) which was isolated from three aromatic protons 
of B-ring at 5 7.40 (double doublets, J=2.0 and 8.5 Hz), 7.30 (doublet, J=2.0 Hz) and 7.02 
(doublet, J=8.5Hz). Nuclear Overhauser effect was observed between the 5 7.58 proton and 
one of the methoxyl signals (3.98). +33 % CH{OCH,}. The result suggested that one of the 
mclhoxyl groups is present at ortho position of the 5 7.58 proton. Addition of aluminium 
chloride did not cause UV shift as expected from negative ferric chloride reaction. On these 
bases, structure of compound III should be either 3'. 8-hihydroxy-4', 6. 7-trimethoxyisoflavone 
(III, R=CH3, R'=rH) or 3', 7-hihydroxy-4', 6, 8-trimethoxyisoflavone (III'. R=H, R'=:CHa). 
Addition of anhydrous sodium acetate to ethanolic solution of compound III caused a red 
shift of the main UV absorption band by 17 nm which was claimed to be characteristic of 7-hydro- 
xyisoflavones."^ Therefore, we initially preferred 3', 7-dihydroxy-4', 6, 8-trimethoxyisona\ one 
structure for the compound III. Alternative structure, 3', 8-dihydroxy-4', 6, 7-trimethoxyisonavone. 
however, has not been excluded. The 3', 7.dihydroxy-4', 6, S-trimethoxyisofiavone (III', R^H. 
^'=^^3) ^as now been synthesized by H. Suginome et aL, the details of which will be reported 
in a forthcoming paper,"> and it was found that the synthetic compound was not identical 
with the natural compound III. Therefore compound III should be correctly formulated as 
8-dihydroxy-4', 6, 7-trimethoxyisoflavone (III, R^CHa, R'=H). This was confirmed by a 
direct comparison of dimethyl ether of the compound (III) and dimethyl ether of the synthetic 
y 7-dihydroxy-4', 6, 8-trimethoxyisonavone, which proved that two dimethyl derivatives were 
identical. 

Compounds I, 11 and IH are new species of isofiavoncs whicli were isolated from sircpto- 
myces for the first time. A structure of the compound I was once reported by Morita ei al^'\ 
but these authors' product was not identical with I. Hence, it should have a different struc- 
ture. 

Compounds I, 11 and III inhibited catechol-O-mcthyl transferase strongly in vitro. The ]D,„ 
was 0.70 //g/ml (2.11 x lO"" m), 2.0 /.g/ml (6.00x 10- m) and 0.2 /..g/ml (5.81 x 10'' m), respectively. 
Their methylated drivatives did not show any inhibition at 100 /^g/ml, but their acctylated 
derivatives showed 50 5^^' inhibition at 70/«g/ml (1.55x 10"* m), 1.6/.?g/ml (3.55x10-«m) and 1.0 
/eg/ml (2.15x10-«m) respectively. 

The kinetics were studied using the enzyme which was partially purified by a modified 
method described by Ball and his associates.*' The results are shown in Table 1. Compound 
I showed non-competitive type of inhibition, but compounds II and III showed mixed type of 
inhibition against epinephrine as substrate. Non-competitive type of inhibition was obtained 
against S-adenosylraethionine with these three compounds. Very little change of inhibition was 
observed under various concentrations of magnesium ions, from 3.1x10-*m to 2. Ox 10"= m. 

The effects of compounds I, II and IH on tyrosine hydroxylase, dopa decarboxylase and 
dopamine ^S-hydroxylase were also studied. In the reaction mixture described by Lovenberg"' 
preparing the enzyme solution as described by Davis and Awapara">, dopa decarboxylase was 
inhibited by 5.0^g/ml (i. 52x10-' m) (ID,o) of compound II and by 12,5 y-g ml (3.79x10-^m) of 
compound I but not by compound III (lOO^cg/ml). The compounds I and II inhibited histidine 
decarboxylase prepared from rat embryo in the reaction mixture as described previously^^^: 
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50 inhibition concentration of I was 1.8x10-*m and that of II was 4.5xlO-«M. They did 
not inhibit the other enzymes at 100 /ig/ml; The intravenous administration of 200mg/kg of 
each substance to mice did not show any toxic sign. Antimicrobial activity of these com- 
pounds was not obser\'ed at lOO/ig/ml. 





Substrate 




Epinephrine 
(Km = 8.3xl0-< 


M) 


S-Adenosylmethionine 
(Km = 1.3xl0-* M) 




Type of inhibition 


Ki 


Type of inhibition 


Ki 


I 


non-competitive 




1.7x10-^ M 


non-competitive 




1.7xl0-« M 


1! 


mixed 




3.3xlO-«M 


non-competitive 




9.1xl0-« M 


Ill 


mixed 




1.5x10-" M 


non-competitive 




3.9x10-- M 



of NiKODEJEVic et al.^^ The concentrations of epinephrine were varied from 1,6x10 *m to 2.5x 
lO-Hi under the concentration of 7.5x10-*m of S-adenosylmethionine, Similarly, the concentra- 
tions of S-adenosylmethionine were varied from 4.7x10-»m to 7.5xlO-^M under the concentration 
of 2.5xlO"*M of epinephrine. 



Fig. 1. Effect of intraperitoneal injection of 
compound I on blood pressure of SH-rats 
Mean depression percentage (4 rats) of each 
dose Bars show the standard error of 4 rats. 



Fig. 2. Effect of intraperitoneal injection of 
compound II on blood pressure of SH-rats 
Mean depression persentage (4 rats) of each 
dose Bars show the standard error of 4 rats. 
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Hypotensive effect was shown by the compounds I and II, and the latter showed a strong effect. 
When 50 mg/kg of I was intraperitoneally injected to spontaneously hypotensive rats (4 rats 
were injected in each dose), the percent blood pressure decrease after various hours of the 
injection compared with the pressure before the injection is shown in Figs. 1 and 2. The 
marked decrease in blood pressure was observed 3 -6 hours after the injection of both com- 
pounds. The compound II showed the stronger effect than the compound I and the significant 
decrease was shown even by 3.1 mg/kg during 3—24 hours after the injection. The intraperi- 
toneal injection of 50 mg/kg of III did not show a significant decrease of blood pressure. As 
described above, among compounds I, II, and III, the activity inhibiting catechol-O-methyl- 
transferase was the strongest in III and II showed the strongest activity in inhibiting dopa 
decarboxylase. It suggests that inhibition of catechol-O-methyltransferase would not be related 
to the hypotensive action, but inhibition of dopa decarboxylase might be the reason for the 
hypotensive effect. 




4 

c 
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As described in this paper, we found three new isoflavones in streptomyces culture filtrate. 
Such compounds could not be found in media before inoculation of the strain ISP 5174. How- 
ever, it is not certain whether streptomyces can synthesize the isoRavone skeleton de novo. It 
is possible that isoflavone compounds in medium ingredients such as soybean meal might be 
converted to the compounds I, II and III by streptomyces. 

Experimental 

Equipments for physical determination: , . , ^ 

UV was measured by Hitachi UV spectrometer EPS-3T. IR by Hitach. Infrared spectro- 
meter EPI-S2, NMR by Varian HA-IOOD, mass analysis by Hitachi RMU-6M. 
Method of assay for activity inhibiting catechol-O-methyltransferase: 

The reaction mixture consisted of distilled water 0.125 ml. 0. 1 m phosphate buffer at pH 
8 0 0 05 ml 0 1 M MgCU 0.1 ml, 0.05 m epinephrine 0.05 ml, 0.05 mM »H-methyl-labeled S-adeno- 
svlmethionine (2.2xl0»cpm) 0.075 ml, a test sample or distilled water 0.05 ml. the enzyme 
solution 0.05 ml. The reaction mixture except enzyme was mixed at O^C and the reaction was 
started after addition of the enzyme solution and the incubation at 37=C J^O"''"";^ ^^^^ .^0 
minutes The reaction was stopped by addition of 1.0 ml of 0.5 m borate buffer at pH 10.0 
Ind the reacted mixture was extracted with toluene - isoamylalchohol (3 : 2) and the rad.oac 
tivitv in the solvent layer was counted by Beckmann sintiUation counter LS-250. 

The enzyme solution was prepared from rat liver. It was homogenized with 3 volunie of 
0 25M sucrose and centrifuged at 105.000^. This supernatant was divided into each 2 ml and 
kept in frozen. Before use, it was diluted 10 times with distilled water and employed. Epine- 
phrine solution was prepared as follows: 832.5 mg of epinephrine bitartarate (purchased from 
?okyo Kasci Co.) was dissoh ed in 50 ml of 0.1 n HCl and pH was adjusted to 5.0 aijd kept 
in frozen. The percent inhibition was calculated from the radioactivity as follows 1 —^-^j 
xlOO where B is that without inhibitor, A is that with inhibitor and C is that without the 
enzyme The culture filtrate was heated at 100»C for 3 minutes before assay. 

For kinetic study, catcchol-O-methyltransferase was purified as follows: Rat liver (31.25 g) 
was homoRcnized with 2 volumes of 0.25 m sucrose and centrifugod at 105,000^ for 1 hour 
The supernatant was made pH 5.0 by addition of acetic acid and the precipitate was renioved 
by 10 minutes centrifugation at 10,000^. To this supernatant 0.5 m phosphate buffer at pH 7 8 
Jas added until pH became 6.8 (the total volume became 61 ml). To this solution 10.7 g of 
ammonium sulfate was added and the precipitate was removed by centrifugation at 10,000^ for 
10 minutes. To the supernatant 15.3 g of ammonium sulfate (to 65?,' saturation) was added 
and centrifuged at 10,000^ for 20 minutes. The precipitate was dissolved in 2mM phosphate 
buffer a 5ml) at pH 7.4 and sujected to Sephadex G 100 column (3x70cm) chromatography 
SevSoped with the same buffer. The effluent was cut into each 5g. and the active effluent 
(from 20th to 28th fractions) was passed through CM-Sephadex column (2 x 6 cm) equilibrated 
with 2 mM phosphate buffer at pH 6.7. The effluent was collected in 4-ml fractions. The active 
fractions (3rd~10th fractions) were collected. About 20 fold purification was accomplished by 
this method. This partially purified enzyme solution was employed for the kinetic study. 
Extraction and isolation of compounds I. II, and III: 

S- roseolus ISP 5174 was shake-cultured in a medium containing glucose 1.0 ^. star^ 2.0 9^ 
defatted soytan meal 2.0>.^ KaCl 0.25.^, CaCO, 0.35 CuS0 .5H,.0 0.0005 MnCU-4H.O 
0 0005 %, ZnSO.-7H.O 0.005 % (pH 7.4 before sterilization). After 3 days shaking culture at 
27°C 500 ml of the "culture broth was inoculated to 12 liters of the same medium placed in 
a jar'fermentor and 1.2 ml of silicone resin was added to suppress the foaming The fermen- 
tation was continued for 105 hours at 27»C under aeration of l^Uters/imnute and 
stirrine. The culture broth of 4 fermentors was combined and centrifuged at 2.500 rpm. The 
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liquid part (40 liters) and the wet solid part (5 kg) were thus separated. The wet solid was 
extracted with 5 liters of methanol. Addition of 0.05 ml of the 4 times diluted methanol solu- 
tion (4.8 liters) or of the twice diluted culture filtrate to the reaction mixture for assay of an 
-mhibitor of caiechol-O-methyl transferase showed 50% inhibition. This methanol solution was 
concentrated to 500 ml under reduced pressure and added to the liquid part of the culture 
broth and extracted with 40 liters of butyl acetate at pH 2.0. The evaporation of the butyl 
acetate solution under reduced pressure gave 80 g of oily material. It was washed with petroleum 
ether yielding 35.0 g of brown powder (ID,o= 111 /zg). The powder was dissolved in 300ml of 
acetone and the insoluble part was removed. To the acetone solution, 90 g of silica gel (Mal- 
linckrodt. Silicic .^cid AR 100 mesh) was added and dried under reduced pressure. This powder 
was placed on the top of the silica gel column (6.5 \ 58.0cm), and the column was 
developed with the same solvent. A yellow powder (790 mg) containing compound I was ob- 
tained by evaporation of the first active fraction (800 ml) under reduced pressure. Another 
active yellow powder (250 mg) containing compound II was obtained from the second active 
eluate (K500ml) and the active brown powder (150 mg) containing compound III was obtained 
from the third active fraction (1,500 ml). These powders showed 50^^ inhibition of catechol- 
O-methyliransferase in the following doses: I powder 20 //g; II powder 50 //g; III powder 
2.0 /fg. 

The I powder was dissolved in 10 ml of methanol and passed through Sephadex LH-20 
(500ml). The activity appeared in one peak (25 ml) and the eluate was evaporated to dryness 
under reduced pressure. The powder was dissolved with 5 ml of acetone and 20 ml of w-hexane 
was added. After overnight, I crystallized: 18.5 mg of pale yellow needle crystals. 

The II powder described above was subjected to Sephadex LH-20 chromatography similar 
to that described above. The powder thus obtained was dissolved in 4 ml of benzene at 60'*C. 
Then, after I week at room temperature, 20 mg of II crystals was obtained. 

The 111 powder described above was mixed with 3 times weight of alumina and placed in 
a column and the compound III was dissolved in methanol which was passed through the 
column. The brown-colored impurity was removed by this method. The methanol solution 
was passed through Sephadex LH-20 column (500 ml) and the active eluate was evaporated to 
dryness. The crystallization by the same method as used for compound I gave 11.5 mg of 
colorless needle crystals of III, 

Method of measuring the activity in inhibiting dopa decarboxylase*^"*^: The reaction 
mixture consisted of L-dopa 1 x ip-:* m, pyridoxal phosphate 7.5x10-^1, 0.05 rnl of dopa de- 
carboxylase solution, phosphate bufTcr (pH 6.9) 0.03 m, iproniazid 1 >: 10 ^m, 0.1ml of a test 
material, and the total volume was made 1.5 ml with distilled water. The reaction was started 
by addition of the enzyme solution. The incubation time at 37^C was 25 minutes. The reac- 
tion was stopped by heating at lOO^C for 3 minutes. The reacted solution was passed through 
Amberlite CG-50 column (0.5x7.5 cm) and dopamine adsorbed was eluted with 1.5 ml of 1 n 
acetic acid. The optical density at 279 nm of the eluate was read, 

Dopa decarboxylase was prepared from rat liver. It was homogenized with 2 volumes of 
0.003 m mercapioeihanol. The homogenate was centrifuged at 13.000 rpm for 20 minutes, and 
the precipitate was obtained by 0.45-0.55 saturation of ammonium sulfate. It was dissolved 
in 0.003 M mercaptoethanol. The concentration of the enzyme solution was adjusted as its addi- 
tion of 0.05 ml gave optical density 0.3 of dopamine. Generally, the protein content of this 
enzyme solution was l.Omg/ml. 

Testing the hypotensive efTect: Four spontaneously hypertensive rats (male) of 15~20 
weeks age were employed for each dosis. One, 3, 6, 24 and 48 hours of intraperitoneal injec- 
tion of 50mg. kg or 12.5mg/kg of compound I, 50 mg/kg, 12.5mg/kg or 3.1 mg/kg of compound 
II and 50mg kg of compound III, the blood pressure was measured by the plethysmographic 
tail method. Percent decrease from the pressure before injection was calculated (Figs. 1 and 2). 
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SO Biochem. Pharmacol, (1992), 44(1), 157-62 

CODEN: BCPCA6; ISSN: 0006-2952 
DT Journal 
LA English 

AB The inhibitory activity of new isof lavonoids on 5-lipoxygenase of porcine 
leukocytes was investigated. Isoflavans proved to be stronger inhibitors 
than isoflavones. The isoflavans contg. ortho-hydroxy groups in ring A 
showed the lowest Ki values (0.8-50 .mu.M) . In comparison, isoflavans 
with meta-dihydroxy groups exhibited Ki values higher than 150 .mu.M. The 
effect of com. antioxidants was tested also on porcine 5-lipoxygehase . 
Butylated hydroxyanisole (Ki: 25 .mu.M) and butylated hydroxytoluene (Ki: 
55 -mu.M) revealed moderate inhibitory activity, whereas L-ascorbic acid, 
L-ascorbyl palmitate, DL- . alpha . -tocopherol and n-Pr gallate showed weak 
inhibitory activities (Ki: 100-260 .mu.M). 

IT 76397-87-0 94105-89-2 116718-58-2 
RL: BIOL (Biological study) 

(5-lipoxygenase inhibition by, structure in relation to) 
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TI Control of storage fungi of the genus Aspergillus on legumes with 

flavonoids and isof lavonoids 
AU Weidenborner, M.; Hindorf, H.; Jha, H. C. 

CS Inst. Pf lanzenkrankheiten, Univ. Bonn, Bonn, D-5300, Fed. Rep^ Ger. 
SO Angew. Bot . (1990), 64 (1-2), 175-90 

CODEN: ANBTAJ; ISSN: 0066-1759 
DT Journal 
LA German 

AB Flavonoids, isof lavonoids, and their derivs . were screened for their 

fungicidal effects against storage fungi of the genus Aspergillus on seeds 
of soybean (Glycine max) and bean (Phaseolus vulgaris) . A high redn. in 
fungal infestation in bean seeds was achieved with the mixts. 
f lavanon/6, 7-Dihydroxy-4 • -methoxyisof lavan, 2% active ingredient (a.i.), 
and 6, 7-dihydroxy-4 * -methoxyisof lavan/6, 7-dihydroxy-3 ' -methylisof lavan, 2% 
a.i., after 3 wk, with 87.9 and 87.1% redns . , resp. A significant redn. 
(69.9%) of infestation in soybeans was achieved with the combination of 
the isof lavans 6, 7-dihydroxy-4 ' -methoxyisof lavan/6, 7-dihydroxy-3 * - 
methylisof lavan, 2% a.i., after 2 wk. Benomyl, at 1% a.i., caused similar 
inhibition rates in both seeds. 

IT 76397-85-8, 6, 7-Dihydroxy-4 • -methoxyisof lavanone 
76397-87-0 131426-41-0 
RL: BIOL (Biological study) 

(Aspergillus spp. control with, on beans and soybeans) 

RN 76397-85-8 CA 



CN 4H-l-Ben2opyran-4-one, 2, 3-dihydro-6, 7-dihydroxy-3- ( 4-methoxyphenyl ) - 
(9CI) (CA INDEX NAME) 
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TI Antifungal activity of isof lavonoids in different reduced stages on 

Rhizoctonia solani and Sclerotium rolfsii 
AU Weidenboerner, Martin; Hindorf, Holger; Jha, Hem Chandra; Tsotsonos, 

Prodromos; Egge, Heinz 
CS Inst. Pflanzenkrankheiten, Univ. Bonn, Bonn, D-5300, Fed. Rep. Ger. 
SO Phytochemistry (1990), 29(3), 801-3 

CODEN: PYTCAS; ISSN: 0031-9422 
DT Journal 
LA English 

AB Two naturally occurring isoflavones, genistein and iochanin A, and their 
dihydroderivs . (isoflavanones) , as well as 9 perhydrogenated isoflavones 
(isof lavans) , were tested for their effects on mycelial growrh of the 2 
soil borne fungi Rhizoctonia solani and Sclerotium rolfsii. All the 
isoflavonoids of the biochanin A series showed high antifungal activity. 
Genistein isoflavan and the other isoflavans with 2 hydroxyl groups and 
one methoxy group were fungitoxic, while isoflavan with 2 or 3 methoxy 
groups were almost inactive - 

IT 76397-87-0 

RL: BAC (Biological activity or effector, except adverse); BIOL 

(Biological study) 

(antifungal activity of, structure in relation to) 
RN 76397-87-0 CA 

CN 2H-l-Benzopyran-6, 7-diol, 3, 4-dihydro-3- (4-methoxyphenyl) - (9CI) (CA 
INDEX NAME) 
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TI Antifungal activity of isof lavonoids against storage fungi of the genus 
Aspergillus 

AU Weidenboerner, Martin; Hindorf, Holger; Jha, Hem Chandra; Tsotsonos, 

Prodromes; Egge, Heinz 
CS Inst. Pf lanzenkrankh. , Univ. Bfenn, Bonn, 0-5300/1/ Fed. Rep. Ger. 
SO Phytochemistry (1989), 28(12), 3317-19 

CODEN: PYTCAS; ISSN: 0031-9422 
DT Journal 
LA English 

AB The fungicidal activity of 2 isoflavones, 1 isoflavanone and 7 isoflavans 
was tested in malt ext. broth against 5 storage fungi of the genus 
Aspergillus. While the isoflavones and the isoflavanone show only low 
activity, the 2 isoflavans 7 , 8-dihydroxy-4 ' -methoxyisof lavan and 
6, 7-dihydroxy-3 ' -methylisof lavan were highly inhibitory to Aspergillus. 
Structure-activity relationships are discussed. 

IT 94105-87-0 94105-89-2, 6, 7 , 4 ' -Trihydroxyisof lavan 
116718-58-2 

RL: BAC (Biological activity or effector, except adverse) ; BIOL 
(Biological study) 

(antifungal activity of, against Aspergillus) 
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TI In-vitro versus in-vivo activities of new 5-lipoxygenase inhibitors with 

anti-inf laimnatory activity 
AU Montandon, J. B.; Zijlstra, F. J.; Wilson, J. H. P.; Grandjean, E. M.; 

Cicurel, L. 
CS Zyma SA, Nyon, 1260, Switz. 

SO Int. J. Tissue React. (1989), 11(3), 107-12 

CODEN: IJTEDP; ISSN: 0250-0868 
DT Journal 
LA English 
GI 




AB The possible relationship between in-vitro inhibition of lipoxygenase 

(LO) /cyclooxygenase (CO) and in-vivo anti-inf lanmiatory effects of compds . 
such as isoflavanes, Zy 16369 (I), Zy 16372 (II), and Zy 16681 (III), was 
investigated. The latter were all shown to be potent 5-LO inhibitors when 
tested in vitro on human peritoneal macrophages (IC50 = 1-7 .mu.M) . II 
and III also inhibited the 12- and 15-LO and, to a minor extent, the CO. 
In order to evaluate the anti-inflammatory and antiproliferative effects 
of these compds. in vivo they were applied topically to mice. No definite 
correlation could be made between the inhibition of the ear edema induced 
by arachidonic acid (AA) , the inhibition of the epidermal 
ornithine-decarboxylase (ODC) activity induced by 12-0- 

tetradecanoylphorbol-13-acetate (TPA) , and the in-vitro activities of the 
compds. II appeared to inhibit the edema dose-dependently (ED50 = 5 
.mu-M/ear) and seemed to be the most potent among the 3 compds. tested and 



slightly more potent than the ref. compd. nordihydroguaiaretic acid. As 

inhibitors of TPA-induced ODC, all 3 compds . exhibited comparable 

activity- These results suggest that the in-vitro effects of the compds. 

might be mediated by components other than AA metabolites, and/or be 

related to their specific kinetic patterns. 

116718-58-2, Zy 16372 

RL: BIOL (Biological study) 

(anti-inflammatory activity of and lipoxygenase/cyclooxygenase 

inhibition by) 
116718—58^2 CA 
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Effects of alpha-tocopherol, its carboxylic acid chromane compound and two - 
novel antioxidant isof lavanones on prostaglandin H synthase activity and 
autodeactivation 

Seeger, Werner; Moser, Ulrike; Roka, Ladislaus 

Dep. Intern. Med., Jus tus-Liebig-Univ . , Giessen, D-6300, Fed. Rep. Ger. 

Naunyn-Schmiedeberg's Arch. Pharmacol. (1988), 338(1), 74-81 

CODEN: NSAPCC; ISSN: 0028-1298 

Journal 

English 




The effects of different antioxidants on ram vesicular gland microsomal 
prostaglandin H synthase activity were investigated in vitro. They were 
d,l-. alpha. -tocopherol, its carboxylic acid chromane compd. (I), phytol, 
.alpha. -tocopherol acetate, and 2 novel antioxidative isof lavanones 
obtained by methylation and/or hydrogenation of naturally occurring 
isoflavones from fermented soybeans, 6, 7-dihydroxy-4 * -methoxyisof lavanone 
(II) and 6, 7, 4 • -trihydroxyisoflavanone (III). . alpha . -Tocopherol, its 
acetate, and phytol had no significant influence on the enzyme activity 
when applied in concns . .Itoreq.l mM. Trolox (100-1000 .mu.mol/L) and the 
2 isof lavanones (5-50 and 10-100 .mu.mol/L) dose-dependently augmented the 
initial rate of 02 consumption and the total 02 uptake during 
prostaglandin H synthase incubation with arachidonic acid. These compds. 
also increased the formation of prostaglandin E2 and F2. alpha, from 
14C-labeled AA and they markedly protected prostaglandin H synthase from 
rapid autodeactivation. These compds. may serve as cosubstrates to which 
the oxidizing equiv. are transferred which arise during the 
hydroperoxidase reaction of the enzyme. 
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Fungicidal action of isof lavonoids on Aspergillus molds 

Weidenborner, M. ; Jha, H. C; Hindorf, H.; Weltzien, H. C. ; Zilliken, F. 

Inst. Pf lanzenkf ankh. , Univ. Bonn, Bonn, 5300/1, Fed. Rep. Ger. 

Meded. Fac. Landbouwwet . , Rijksuniv. Gent (1987), 52{3A), 933-42 

CODEN: MFLRA3; ISSN: 0368-9697 

Journal 

German 

The effect of a few selected isof lavonoids was tested in malt ext. soln. 
at 0.5, 2, and 8 .times. 10-4 mol/L on the mycelial growth of 5 fungi, A. 
repens, A. amstelo dami, and A. chevalieri of the A. glaucus group, A. 
fiavus of the A. flavus group and A. petrakii of the A. ochraceus group. 
To establish structure-activity relationship, besides unsubstituted 
isof lavonoids, methoxy- and hydroxyisof lavonoids were tested. 
Isoflavanone inhibited mycelial growth up to 57.1% in A. amstelodami at 2 
.times. 10-4 mol/L. In the texasin-isof lavonoid ( 6, 7-dihydroxy-4 ' - 
methoxyisof lavonone) series the isoflavan was the most effective one with 
growth inhibitions of 96.9% in A. repens, 97.9% in A. amstelodami, and 
100% in A. chevalieri at 8 .times. 10-4 mol/L. Also, the coumestans as a 
further subgroup of natural isof lavonoids were tested. The influence of 
these substances was quite variable. While the 6,7,3*,4'- 
tetrahydroxycoumestan always stimulated growth (A. flavus 22.5%), 
3 ' , 4 ' -dihydroxycoumestan caused no significant differences in comparison 
with the control. 3 ' , 4 ' -Dihydroxy-5 ' -methoxycoumestan inhibited the 
growth of A. repens to 20.1% and the growth of A. petrakii to 9.2% at 0.5 
.times. 10-4 mol/L. 
76397-85-8 76397-87-0 
RL: BIOL (Biological study) 

(Aspergillus inhibition by) 
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Preparation and formulation of 3-aryl-3/ 4-dihydro-2H-l-benzopyrans us^ 
in treatment of vascular diseases 
Albert, Alban Imre; Zilliken, Friedrich W. 
Zyma S . A. , Switz . 
Eur. Pat. Appl., 23 pp. 
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Inhibition of in vitro microsomal lipid peroxidation by isof lavpfioids 
Jha, Hem Chandra; Von Recklinghausen, Gottfried; Zilliken, 
Inst. Physiol. Chem., Univ. Bonn, Bonn, D-5300/1, Fed. Rep. 
Biochem. Pharmacol. (1985), 34(9), 1367-9 
CODEN: BCPCA6; ISSN: 0006-2952 
Journal 
English 




AB In a comparative study, the inhibi/ion by naturally occurring isoflavones 
(with nucleus I) and their reduc^ derivs . ( isof lavanones and isoflavans) 
of microsomal lipid peroxidn. induced by an Fe2+-ADP complex and NADPH was 
examd. The isof lavanones are/nore active than the parent isoflavones, and 
the isoflavans are by far tb€ most potent inhibitors. In an m vitro test 
system, 6, 7 , 4 » -trihydroxyVand 6, 7-dihydroxy-4 'methoxyisof lavans (concns. 
for half-maximal inhibition 1.3 and ^ . 1 .times. 10-6 mol/L, resp.) surpass 
the inhibitory effect <y£ . alpha . -tocopherol , (+ ) -cyanidanol-3, and 
butylated hydroxyanisizH^e . To establish a structure-activity relationship, 
a few more isoflavapfe have been included in the investigation. 
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6, 7, 4 ' -Trihydroxyisof lavan: a potent and selective inhibitor, ot 
5-lipoxygenase in human and porcine peripheral blood leukocytes 
Kuhl, P.; Shiloh, R. ; Jha, H.; Murawski, U.; Zilliken, F. 
Inst. Physiol. Chem., Rheinischen Friedrich-Wilhelms-Univ. , Bonn, 
Fed. Rep. Ger. 

Prostaglandins (1984), 28(6), 783-804 
CODEN: PRGLBA; ISSN: 0090-6980 
Journal 
English 



D-5300, 




I 



AB The effects of 6, 7 , 4 ' -t rihydroxyisof lavan (I) [94105-89-2] on 

human platelet 12-lipoxygenase [82391-43-3] and human and porcine 
polymorphonuclear leukocyte 5-lipoxygenase [80619-02-9] activities were 
examd. I inhibited 5-lipoxygenase more strongly than 12-lipoxygenase; its 
concn. for 50% inhibition (IC50) was 1.6 .mu.M for human and porcine 
5-lipoxygenase and 22 .mu.M for human platelet 12-lipoxygenase . 
Inhibition of microsomal cyclooxygenase [39391-18-9] from ram seminal 
vesicles was exhibited at much higher concns . of I (IC50 = 200 .mu.M). 

IT 94105-89-2 ^ . , ^ u 

(lipoxygenase inhibition by, in blood platelet and leukocyte of human 

and swine) 
RN 94105-89-2 CA 

CN 2H-l-Benzopyran-6, 7-diol, 3, 4 -dihydro-3- ( 4 -hydroxyphenyl ) - (9CI) (CA 
INDEX NAME) 




L5 ANSWER 15 OF 19 CA COPYRIGHT 2000 ACS 

AN 102:42728 CA . ^ • ^ ^ 

TI Antifungal activity of soybean and chickpea isoflavones and their reduced 

derivatives 

AU Kraemer, Rainer Philipp; Hindorf, Holger; Jha, Hem Chandra; Kallage, 

Jutta; Zilliken, Fritz 
CS Inst. Pflanzenkrankh. , Univ. Bonn, Bonn, D-5300/1, Fed. Rep. Ger. 
SO Phytochemistry (1984), 23(10), 2203-5 

CODEN: PYTCAS; ISSN: 0031-9422 
DT Journal 

LA English ^ z^-, . s ^ 

AB The fungicidal activity of the isoflavones from soybean (Glycine max) and 
chickpea (Cicer arietinum) was studied on 3 food- and f orage-contaminatmg 
fungi, Aspergillus ochraceus, Penicillium digitatum, and Fusarium 
culmorum. The reduced derivs. of the corresponding isoflavones, the 
isoflavanones and isoflavans, were also included in the investigation. 
For the 1st time in a comparative study it was shown that isoflavones and 
isoflavanones are variable in their activity whereas the isoflavans are 
moderately active inhibitors of fungal growth. 
IT 94105-87-0 94105-89-2 

RL: BAC (Biological activity or effector, except adverse); BIOL 
(Biological study) 

(antifungal activity of) 

RN 94105-87-0 CA o , . w ^ v. i x 

CN 4H-l-Benzopyran-4-one, 2 , 3-dihydro-6, 7-dihydroxy-3- ( 4-hydroxyphenyl ) - 

(9CI) (CA INDEX NAME) 




RN 94105-89-2 CA 

CN 2H-l-Benzopyran-6,7-diol, 3, 4 -dihydro-3- ( 4-hydroxyphenyl ) - (9CI) (CA 
INDEX NAME) 



4CERr?5(3), 232-2 



JTRITION AND CANCEKTTOO), 232-239 
>pyright ® 1998, Lawrence Erlbaiim Assod: 



COPY MADE BY: C.S.l.R.O LiBKARY 

iH':ai.tii sciences 
nutuition 



LIBRARIAN 



CSIRO H^UTH SCIENCES i iWTRITICK 

PO BOX 10041 ADELAIDE BC 
tv^HcA^ ; SA 5000 



DATE 



Effect of Soy-Derived Isoflavonoids on the Induced Growth of 
MGF-7 Cells by Estrogenic Environmental Chemicals 

Surendra P. Verma and Barry R. Goldin 



bstract: Isoflavonoids are natural plant compounds and 
assess antitumorigenic properties. Many environmental 
hemicah have been found to be estrogenic and can enhance 
umor growth in estrogen receptor-positive cells. In the pres- 
nt study, the effects of genistein, daidzein, biochanin A, 
brmononetin, and equol on the proliferation of estrogen 
eceptor-positive MCF-7 cells induced by synthetic chemicals 
' -f o-chlorophenyl)'I -( p-chlorophenyl) -2, 2, 2-trichbroethane 
o,p''DDT), 4-nonylphenol (4'NP), and 5-octylphenol (5- 
OP) found in the environment were investigated Genistein, 
yiochanin A, equol and to some extent daidzein, but not 
brmononetin, at <}OfiM can enhance the growth ofMCF-l 
:ells in the absence of environmental chemicals. Formono- 
tetin was toxic to MCF-J cells at the tested concentrations. 
The environmental chemicals 4~NP, 5 -OP, and o,p' -DDT 
2nd the natural estrogen I7P-estradiol at 5, 5, and 10 pM 
and 5 nM, respectively, induced proliferation of MCF-7 cells. 
In the presence of isoflavonoids (>25 piM), the environmental 
chemical-induced cell proliferation was inhibited. Individu- 
ally* genistein (ICso = 25-33 fiM) was the most potent inhibi- 
tor against the induced proliferation of MCF-7 cells of the 
isoflavonoids needed for a 50% suppression of growth in- 
duced by 4-NP, 5-OP, and o,p'-DDT. A mixture of isofla- 
vonoids was the most potent inhibitor against the induced 
proliferation. Estrogen receptor-dependent and -independent 
pathways could be involved in the inhibitory actions of iso- 
flavonoids. Because it is impossible to have a chemical-free 
environment, the in vitro data presented here are of practical 
importance to develop evolving dietary strategies and tactics 
against the adverse health effects* of environmental chemi- 
cals. 

Introduction 

Certain pesticides and environmental contaminants such 
as l,l-bis(p-chlorophenyl)-2,2,2-trichloroetharie (DDT). 
1 -(o-chloropheny 1)- 1 -(^-chloropheny l)-2,2,2-trichloroethane 
(o.p'-DDT), 4-nonyIphenol (4^NP), 5-octylphenor(5-OP), 
and poly chlorinated biphenyls (PCB) show estrogenic ac- 
tivities (1-5). Similarly, some sewage and industrial waste 



products and chemicals used in manufacturing plastics and 
detergents also have been found to be estrogenic (6,7). The 
estrogenic activities of the environmental chemicals o,p'- 
DDT, 4-NP, and 5-OP have been confirmed using estrogen 
receptor element-transfected cells (3,8,9). There are data 
showing that man-made environmental chemicals have 
modified estrogen-dependent biologic functions of various 
wildlife animal species (10,11). These findings have stimu- 
lated a growing public concern that environmental estro- 
genic chemicals may adversely affect human health and 
more specifically the estrogen-dependent functions (1,12). 
Environmental estrogenic compounds have been linked to 
increased incidence of breast and endometrial cancers (IS- 
IS). A recent report, however, comparing blood levels of 
PCB and l,l-dichIoro-2,2-bis(/?«chlorophenyl)ethyiene (the 
main metabolite of DDT) among women who had been 
diagnosed with breast cancer and matched healthy controls 
showed no difference in these levels (16). These data are in 
contrast to earlier studies, showing a link between exposure 
to DDT and PCB and increased incidence of breast tumors 
(13-15). It would be of interest to know whether the dietary 
intake of isoflavones was different between the controls and 
breast cancer patients, since the tumor-initiating and -pro- 
moting properties of the pesticides could be different de- 
pending on the isoflavonoid content of the diet (17). 

It is difficult to have an estrogenic chemical-free envi- 
ronment, since many of these compounds have commercial 
value and are being used to manufacture products. Also, it 
is difficult to completely remove chemicals that have been 
released into the environment. Furthermore, there is a pos- 
sibility that many more environmental chemicals that pos- 
sess some estrogenic activity will be discovered. Because 
of these concerns and economic and health-related trade- 
offs, we previously suggested a dietetic strategy that could 
reduce the risk from estrogenic pesticides as assessed by the 
induced growth of estrogen receptor-positive MCF-7 human 
breast cancer cells (18). 

The aim of the present study was to extend this strategy 
and to develop a cocktail of natural plant products, such as 
soy-derived isoflavonoids, that could inhibit the estrogenic 
effects of environmeiUal chemicals on the estrogen recep- 
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tor-positive MCF-7 human breast cancer cells. The DDT 
isomer o^p'^DUT and the chemicals 4-NP and 5-OP were 
selected as the well-established estrogenic compounds (1-5). 
Although DDT and other chlorinated pesticides have been 
banned in the developed countries, their bioaccumulation in 
fat and blood is still found in people from all parts of the 
world (13,19-21) and thus is a continued risk. A recent 
report has indicated that during periods of lipolysis in fasting 
animals preloaded with the pesticide P-hexachlorocyclohex- 
ane the pesticide is released from fat cells (22). The released 
pesticide was able to stimulate the estrogen target tissues, 
suggesting a possible link between obesity and the progres- 
sion of estrogen-dependent tumors (22). A recent study has 
added further support to this association by showing that 
the incidence of breast cancer and mortality from the disease 
doubled in postmenopausal women who had gained >2S kg 
in weight since they were 18 years of age (23). 

Isoflavonoids are found in high concentrations in soy- 
beans. The two most conrunon isoflavonoids are genistein 
and daidzein, which have been shown to have many bene- 
ficial clinical and antitumorigenic properties (24-28). We 
reported previously that curcumin and genistein individually 
or in combination can inhibit estrogenic pesticide-induced 
growth of estrogen receptor-positive MCF-7 human breast 
cancer cells (18). Here we describe the effects of genistein, 
daidzein, biochanin A, formonbnetin, and equol, individu- 
ally and in combination, on the proliferation of estrogen 
receptor-positive MCF-7 human breast cancer cells induced 
by o,p'-DDT, 4-NP, and 5-OP. Formononetin is a precursor 
of daidzein and biochanin A is a precursor of genistein, 
whereas equol is a bacterial metabolite of daidzein formed 
in the intestinal tract (17). These soy-derived products (SDP) 
can inhibit the induced proliferation of estrogen receptor- 
positive human breast cells by environmental chemicals and 
pesticides and also the proliferation of estrogen receptor- 
negative MDA-MB-231 human breast cancer cells. 



Materials and Methods 



Chemicals 

Stock solutions of o,p'-DDT (Ultra Scientific, Kingston, 
RI), 4-NP and 5-OP (Aldrich Chemical, Milwaukee, WI), 
np-estradiol (Sigma Chemical, St. Louis, MO), and 
genistein, daidzein, biochanin A, formononetin, and equol 
(Ihdofine Chemical, Belle Mead, NJ) were prepared by dis- 
solving the compounds in dimethyl sulfoxide. All stock so- 
lutions of compounds were diluted with phenol red-free 
tissue culture medium supplemented with 5% dextran-coated 
charcoal-treated human serum (HuDCC; Sigma Chemical) 
and 100 U/ml of penicillin-streptomycin to an appropriate 
concentration (test medium). The control medium contained 
<1% ethanol or dimethyl sulfoxide or their 1:1 mixture. 



Cell Culture and Growth Pr cedure 

Estrogen receptor-positive human breast cancer MCF-7 
and estrogen receptor-negative MDA-MB-231 human breast 
cancer cells were grown in RPMI 1640 medium supple- 
mented with 5% fetal calf serum (FCS) and 5 ml of 10,000 
U/500 ml medium of penicillin-streptomycin (GIBCO BRL) 
in an incubator maintained at 5% C02-95% air and 100% 
humidity at 3TC. 

Before each experiment with MCF-7 cells, phenol red 
maintenance medium was replaced with phenol red-free me- 
dium for 24 hours. The phenol red-free medium was then 
replaced with phenol red-free RPMI 1640 medium supple- 
mented with 5% HuDCC (growth factor stripped) for 48 
hours. Cells were detached by adding 2-3 ml of a 4% trypsin 
solution. After 15 minutes, cells were harvested and washed 
with Ca-Mg-free phosphate-buffered saline. Washed cells 
were suspended in phenol red-free RPMI 1640 medium sup- 
plemented with 5% HuDCC and antibiotics and were gently 
agitated by passing up and down in a pipette to obtain a 
single cell suspension. Cells were counted by a Coulter 
counter. Cells (2-3 x 10^/ml) were plated in a 12- well ciilture 
plate (2 ml/well) and allowed to attach for 48 hours. 

After 48 hours, medium was removed and replaced by a 
test medium prepared as described above containing the 
appropriate concentrations of environmental chemicals and 
isoflavones. Control cells were incubated with a phenol red- 
free medium containing 5% HuDCC and an equivalent 
amount of the solvent(s) without the test material. The sol- 
vent concentration did not exceed 1%, and this concentration 
does not appreciably alter cell growth. The cell growth was 
estimated on Day 6 by using the tetrazolium (MTT) assay, 
as has been reported previously (18). The absorbance at 540 
nm was used as a measure of the cell density of live cells. 
The percent proliferation was calculated as follows: percent 
proliferation = (cell density with test compound/cell density 
of control) x 100. 

All data were normalized to the 100% cell proliferation 
induced by the respective environmental estrogens. Results 
are an average of at least three separate experiments, and in 
each experiment, each data point was carried out in triplicate. 

The following procedure was used to determine the 
growth enhancement or toxicity of SDP on the growth of 
MCF-7 cells. Cells growing in phenol red-free RPMI 1640 
medium supplemented with 2% FCS were plated in 12-well 
plates. After 24 hours the medium was replaced by phenol 
red-free RPMI 1640 medium supplemented with 2% FCS 
containing SDP of varying concentrations. Cells were al- 
lowed to grow for four days, and on Day 4 the growth was 
estimated by the MTT assay by using the equation shown 
above. The cell growth in control medium was normalized 
to 100%. 

Estrogen receptor-negative MDA-MB-231 cells (2x10^ 
in each well) were plated in 12-well plates and allowed to 
attach for 24 hours. The medium was replaced with the 
medium containing appropriate concentrations of soy prod- 
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ucts. Cell densities were estimated on Day 4 by using the 
MTT assay. Growth of control and treated cells was calcu- 
lated using the above equation, and data were normalized 
to 100%. 



Results 



Effect of SDP on Cell Growth 

Low levels of genistein, daidzein, biochanin A, and equol 
enhanced the growth of MCF-7 cells (Figure 1). All four 
compounds enhanced the proliferation of MCF-7 cells when 
present at <10 jiM. Maximum proliferation of MCF-7 cells 
was found when biochanin A and equol were present at <10 
|xM. At 50 jiM, biochanin A and equol do not increase cell 
growth or cause cell toxicity. Genistein and daidzein at ^ 
|xM enhance cell growth by about 45% and 20%, respec- 
tively. With 10-50 |iM genistein, daidzein, biochanin A, 
and equol, there is negligible toxicity (within experimental 
error, ±5-7%) to MCF-7 cells. All the compounds tested 
were toxic to MCF-7 cells at 100 pM. Formononetin does 
not enhance the proliferation of MCF-7 cells. However, for- 
mononetin is toxic to MCF-7 cells at 50 jllM. The concen- 
trations of fomiononetin, biochanin A, and genistein required 
to inhibit growth of MCF-7 cells by 50% (IC50) are 30, 75. 
and 75 |LiM, respectively. Daidzein and equol are compara- 
tively less toxic, with an IC50 >100 fiM. 




100 



CONGENTRATION ( pM) 



Figure 1. Effect of isoflavonoid concentration on proliferation of MCP-7 
cells. Cells (2 x lO^/well) were seeded in 12^well plates in dye-free RPMI 
1 640 supplemented with 2% fetal calf serum for 24 h. Medium was replaced 
by test medium containing an appropriate concentration of isoflavonoids. 
Cell growth was measured on Day 4 using tetrazolium (MTT) assay. 
Growth of cells in control medium without isoflavonoids was normalized 
to 100%. Open circle;^, genistein; filUd circles, daidzein; open triangles^ 
biochanin A; filled triangles, fonnononetin; open squares, equol. 
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Figure 2. Effect of genistein {open circles) and daidzein (filled circles) 
concentration on proliferation of MDA-MB-231 cells. Cells (1 x 10^/well) 
were seeded in 12- well plates in RPMI 1640 supplemented with 2% FCS 
for 24 h. Medium was replaced by test medium containing -an appropriate 
concentration of genistein and daidzein. Cell growth was measured on Day 

4 using MTT assay. Growth of cells in control medium without 
isoflavonoids was normalized to 100%. 

Genistein was ineffective in enhancing the growth of es- 
trogen receptor-negative MDA-MB-23 1 human breast tumor 
cells at lower concentrations (Figure 2). At >50 ^M, 
genistein reduces the growth of MDA-MB-231 cells! 
Daidzein did not alter the growth of MDA-MB-231 cells. 

Effects of Isoflavonoids Against the Induction of 
MCF-7 Cell Growth by 4.NP and 5-OP 

The percent proliferation of o,p' -DDT (10 ^M), 4-NP (5 
HM), and 5-OP (5 \iM) was 100, 93, and 93, respectively 
(error ±5-l%)y relative to 5 nM np-estradiol for the estro- 
gen receptor-positive MCF-7 cell line. The proliferation po- 
tencies of these compounds are within the range of the 
previously published data (2.8,9,29). Concentrations of >15 
^iM were toxic for 4-NP and 5-OP. 

The concentration-dependent effects of the isoflavonoid 
test compounds on 4-NP-induced proliferation of MCF-7 
cells are shown in Figure 3. The 4-NP-induced cell prolifera- 
tion was normalized to 100%; all other data presented in 
Figure 3 are with respect to this normalized value. When cells 
were incubated in the test medium containing various concen- 
trations of isoflavonoids, the induction of cell proliferation by 

5 ^M 4-NP was significantly suppressed. The IC50 values for 
equol, genistein, formononetin, and biochanin A are 27, 30, 
36, and 40 )xM, respectively. Daidzein does not inhibit 
4-NP-induced cell proliferation at <50 |xM (Figure 3). 

In Figure 4 the effects of isoflavonoids on the 5-OP- 
induced proliferation of MCF-7 cells are shown. The cell 
proliferation induced by 5 ^iM 5-OP has been normalized 
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Figure 3. Effect of isoflavonoid concentration on proliferation of MCF-7 
cells induced by 4-nonylphenoi (5 |iM). Cells (2 x 10^/well) were seeded 
in 12- well plates, in dye-free RPMI 1640 supplemented with 5% 
dextran-coated charcoal-treated human serum for 24 h. Medium was 
replaced by test nnedium containing an appropriate concentration of 
tsoflavonoids. Cell growth was measured on Day 6 using MTT assay. 
Control wells contained an appropriate amount of DMSO without 
flavonoids. Induced cell growth by 4'nonylphenol has been normalized to 
100%. See Figure 1 legend for explanation of symbols. 

to 100%, and other data are presented with respect to this 
value. The ICso values for genistein and biochanin A are 
about 33 ^xM. The IC50 values for daidzein, formononetin, 
and equol cannot be accurately obtained from Figure 4. 
However, the induced growth inhibition by these compounds 
is weak, and the ICa, is >80 |LtM. 



CONCENTRATION ( juM) 
Figure 4. Effect of isoflavonoid concentration on proliferation of MCF-7 
cells induced by 5-octylphenol (5 \iM). Cells (2 x lO^/well) were seeded 
in 12-well plates in dye-free RPMI 1640 supplemented with 5% 
dextran-coated charcoal-treated human serum for 24 h. Medium was 
replaced by test medium containing an appropriate concentration of 
flavonoids. Cell growth was measured on Day 6 using MTT assay. Control 
wells contained an appropriate amount, of DMSO without isoflavonoids. 
Induced cell growth by S-octylphenol has been normalized to 100%. See 
Figure 1 legend for explanation of symbols. 

Mixtures of isoflavonoids suppress the 4-NP- and 5-OP- 
induced cell proliferation and cause cell death (Table 1). At 
25 |iM genistein, daidzein, biochanin A, and formononetin, 
the 4-NP- and 5- OP- induced cell proliferation is reduced to 
24% and 32%, respectively. A mixture of biochanin A and 
formononetin at 50 \iM each kills 15% of the cells. Similar 



Table 1. Effect of Isoflavonoids on Percent Proliferation of MCF-7 Cells Induced by Environmental Chemicals and 
Effect of Environmental Chemicals and Isoflavonoids on Growth of MDA-MB-231 Cells*"* 



Test Compounds 



Concentration, 



%Proliferation 





MCF'7 cells 




17p-EstradioI 


0.005 


100 


w.p'-DDT 


10 


100 


4-NP 


5 


93 


5-OP 


5 


93 


o,p*-DDT + Gen + Bio 


10 + 25 + 25 


26 


o,p''DDT + Gen + For 


10 + 25 + 25 


23 


o,p -VDT + Gen + Daid + Bio + For 


10 + 25 + 25 + 25 + 25 


10 


4-NP + Gen + Daid + Bio + For 


5 + 25 + 25 + 25 + 25 


24 


5-OP + Gen + Daid + Bio + For 


5 + 25 + 25 + 25 + 25 


32 




MDA-MB-231 cells 


100 




10 


67 


4-NP 


5 


70 


5-OP 


5 


72 


Gen + Daid 


25 + 25 


70 


Gen + Daid 


50 + 50 


63 



Calculated induced growth of MCF-7 cells by 5 nM 17p-estradiol has been normalized to 100%. The rest of the values are normalized to 100% growth 
of 17p-estradiol. Average values of >3 separate experiments are presented. Growth of MDA-MB-231 cells in control medium without test compounds 
has been normalized to 100% and taken as a full growth of cells. 

Abbreviations are as follows: f;,/?'-DDT, l-(o-chlorophenyl)-l-(p-chlorophenyl)-2,2,2-trichloroethane; 4-NP, 4-nony!phenol; 5-OP, 5-octylphenol; Gen. 
genistein; Daid, daidzein; Bio, biochanin A; For, formononetin. 
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kUling of cells is also observed for mixtures containing 
genistein and biochanin A (50 |iM each) and genistein and 
equol (50 jiM each). 

Effects of Isoflavonoids on the ^y-DDT-Induccd Cell 
Proliferation 

In Figure 5 the data are presented for the inhibitory action 
of genistein, daidzein, biochanin A, formononetin, and equol 
toward ap'-DDT-induced proliferation of MCF-7 cells. The 
f7,/?'-DDT-induced cell proliferation has been normalized to 
100%. The ICso values for equol, genistein. formononetin. 
biochanin A, and daidzein are 25, 26, 53. 92. and >100 |iM. 
respectively. These data show that biochanin A and daidzein 
are the weakest inhibitors of estrogenic pesticide-induced 
cell proliferation. 

The combined inhibitory effects of these compounds to- 
ward the c?,p-DDT-induced cell proliferation are shown in 
Table 1. A mixture of genisteih-biochanin A and genistein- 
formononetin at 25 |iM each can inhibit the a,/-DDT-in- 
duced proliferation of MCF-7 cells to 26% and 23% of the 
normalized control, respectively. A genistein-biochanin A- 
formononetin mixture at 25 each inhibits the induced 
proliferation to 10% of the proliferation noted for these cells 
in the o,p' -DDT and in the absence of the mixture of these 
three soybean products. 




10 1— « ' ' " ' 

0 25 50 75 100 

CONCENTRATION ( pM) 

Figure 5. Effect of isoflavonoid concentration on proliferation of MCF-7 
cells induced by 10 JiM l-(£>-chlorophenyl)-l-(p-chlorophenyl)-2,2,2- 
trichloroethane {o.p'-DDT). Cells (2 X lO^/wcU) were seeded in 12-well 
plates in dye-free RPMI 1640 supplemented with 5% dextran-coated 
charcoal-treated human serum for 24 h. Medium was replaced by test 
medium containing an appropriate concentration of isoflavonoids. Cell 
growth was measured on Day 6 using MTT assay. Control wells contained 
an appropriate amount of DMSO without isoflavonoids. Induced cell 
growth by a/?'-DDT has been normalized to 100%. Sec Figure 1 legend 
for explanation of symbols. 



Discussi n and General Comments 

Figures 1 and 2 show that genistein, daidzein, biochanin 
A, and equol, but not formononetin, at <10 jJiM can increase 
the proliferation of estrogen receptor-positive MCF-7 but 
not estrogen receptor-negative MDA-MB-231 cells. The 
growth-stimulatory effect of genistein reported here is com- 
parable to the results of Balabhadrapathruni and co-workers 
(30). These investigators showed that 10 \jM genistein sig- 
nificantly increased DNA synthesis in MCF-7 cells. How- 
ever, the cytotoxic concentration of 25 |iM genistein that 
caused a 50% reduction in DNA synthesis is significantly 
lower than that observed in this study (IC50 = 60 |iM). So 
and colleagues (31) also reported an enhancement in MGF-7 
cell growth induced by genistein, but they used a higher 
concentration (5 \ig/m\ or 18 |iM). Discrepancy in the 
genistein concentration that stimulates growth and causes 
cytotoxicity still exists. Peterson and Barnes (32) reported 
an ICjo of 12.5 \xg/m\ (or 39.5 ^iM) of genistein for MCF-7 
cells. Pagliacci and associates (33) showed that in the pres- 
ence of 30 |iM genistein the growth of MCF-7 cells in- 
creased to about 150% when measured by MTT assay. In 
contrast, 30 |iM genistein has been found to be toxic when 
measured with a hemocytometer (direct cell counting). The 
reported genistein concentration discrepancy may probably 
arise from the type of assays used, or MCF-7 cells may have 
different clones in these experiments. The concentrations of 
isoflavones used in the present study are higher and probably 
are in the pharmacological range. Although higher concen- 
trations of isoflavones cannot be achieved by eating foods 
rich in isoflavones, there are data showing a linear relation- 
ship between the oral dose of isoflavonoids and urinary 
excretion of these compounds (34). Therefore, a semipure 
powdered isoflavonoid preparation in tablet or capsule form 
could be used to reach pharmacological concentrations. 

These data suggest that the enhancement of MCF-7 cell 
proliferation caused by genistein, equol, and biochanin A 
may be mediated by an estrogen receptor-dependent path- 
way, since genistein and daidzein at 10 |xM have a negligible 
effect on the proliferation of estrogen receptor-negative cells 
(MDA-MB-231). However, isoflavonoids did not increase 
cell proliferation of estrogen receptor-positive T47D cells 
(unpublished data). The inhibition by 50 ^M genistein is 
substantial. The exact explanation for the enhancement in 
proliferation of MCF-7, but not of T47D, cells by isofla- 
vones and their metabolites is not known. It may, however, 
be stated that these compounds may also enhance the pro- 
liferation of estrogen receptor-positive cells through an es- 
trogen receptor-negative-independent pathway and that this 
pathway is not sensitive to isoflavones in T47D cells. Ta- 
moxifen, a weak estrogen, at 1-5 jiM, has enhanced the 
growth of estrogen receptor-negative MDA-MB-231 cells. 
The latter data suggest that some weak estrogens can en- 
hance cell growth through estrogen-independent pathways. 

At 10-25 ^M, isoflavonoids have been found to be non- 
toxic to MCF-7 cells. Genistein and biochanin A are slightly 
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toxic at 50 \iM. Formononetin is highly toxic in this concen- 
tration range. Equol and daidzein are less toxic toward MCF-7 
cells. The mechanisms involved in the inhibition of cell 
proliferation or toxicity by isoflavones and their metabolites 
are also not clear. It is possible that the proliferation of 
estrogen receptor-positive cells is mediated through estro- 
genic and unidentified nonestrogenic pathway(s). One of the 
estrogen-independent pathways may involve an alteration in 
membrane fluidity (35,36). The change in membrane flu- 
idity could be transient. It has been reported that membrane 
fluidity may deregulate internal Ca^^ concentration (37). 
Deregulation in internal Ca^* concentration can cause cell 
proliferation or cell death, depending on the increasing or 
decreasing cytoplasmic Ca^* concentration (38). These mem- 
brane-related events can modulate the activities of lipid- and 
Ca^+-dependent protein kinase C, since the insertion of protein 
kinase C into membrane lipids is essential for its activation 
(39). The activation of protein kinase C modulates several 
cellular functions, including cell growth and cell death. 
Tamoxifen at 10 can alter the fluidity of MCF-7 plasma 
membrane lipids as detected by Raman spectroscopy (unpub- 
lished results). It has been recently reported that tamoxifen at 
higher concentration (>1 p.M) elevates internal Ca^^ levels, 
leading to the death of MCF-7 cells (40). We also found that 
10 |xM tamoxifen kills about 30% of MCF-7 cells (data not 
shown). In view of these data, it is tempting to speculate that 
the inhibition of cell proliferation (cells growing in 2% FCS) 
by isoflavonoids at higher concentrations (50-100 |iM) could be 
a result of altering the membrane fluidity. Another mechanism 
proposed for stimulatory and cytotoxic action suggested by 
Balabhadrapathruni and co-workers (30) involves a genistein- 
induced increase and decrease in the activities of ornithine 
decarboxylase and 5-adenosylmethionine decarboxylase at 
10 and 25 ^iM, respectively. 

The environmental chemicals 4-NP and 5-OP and the 
DDT pesticide isomer o,/?'-DDT have been found to induce 
proliferation of MCF-7 at <10 |liM. Several authors have 
reported that DDT and its isomer o,p'-DDT functions as an 
estrogen at <10 ^iM. DDT has been found at 6 nM-1.7 \xM 
in the sera of the studied population (41). DDT and its 
metabolite dichlorodiphenyldichloroethylene (DDE) can ac- 
cumulate 1,000-fold higher in the mammary adipose tissue 
(41). The concentration of DDE was 2.2 ^g/g of lipid in die 
human breast cancer cells (13). Although the exact compari- 
son of the concentration of DDT between the in vitro and 
in vivo studies and the resultant estrogenic effect seems to 
be impractical, the time of incubation in in vivo systems is 
extremely long (months to years), whereas the DDT effect 
can be observed in a few days in in vitro experiments. How- 
ever, the measured concentration of DDT reported in human 
breast cells (13) is approximately 500 times lower (as cal- 
culated below) than that generally used in in vitro experi- 
ments to determine the estrogenic effect. On the basis of 
some assumptions, the volume of a single cell is about 2.85 
cm-' (volume = 4/3 x 7C x r^, where r, the radius, can 
be taken as 0.0013 cm). One milliliter contains approxi- 
mately 5 X 10« cells. With an average density of 1.1, the 



total mass of 1 ml of cells will be approximately 6.6 mg. 
The average mass of total lipids in 1 ml of cells may be 
about 2.64 mg (40% of total mass). In view of the measured 
values of DDT as 2.2 ixg/g lipid by Falck and others (13), 
1 ml of breast tumor cells should contain about 0.006 fig 
of DDT, which is about 500 times lower than that used in 
the present studies. Even the higher concentration of o,p'' 
DDT (10 \iM) used in in vitro studies was not toxic, but 
stimulatory, to the growth of MCF-7 cells. 

In contrast, these environmental chemicals have been 
found to be toxic to the estrogen receptor-negative MDA- 
MB-231 cells at 1-10 \iM (Table 1). These data are in 
accordance with the previously published results suggesting 
that 4-NP, 5-OP, and o,/7'-DDT induce proliferation in es- 
trogen receptor-positive cells through estrogen-mediated 
pathways (2,8,9.29). Isoflavones when present at >25 \iM 
can inhibit the proliferation induced by 4-NP, 5-OP, and 
o,/?'-DDT. As shown in Table 1, a mixture of isoflavones 
and their metabolites is a more efficient inhibitor of estro- 
gen-like chemical-induced cell growth. 

The order of inhibition by isoflavones was different for 
proliferation induced by 4-NP, 5-OP, or o,/7'-DDT. Data 
presented in Figures 3-5 indicate that 50 ^iM genistein was 
the most potent inhibitor (within the experimental error, 
±5%) of the proliferation of MCF-7 cells induced by 4-NP, 
5-OP, and o,/>'-DDT. Daidzein was the poorest inhibitor 
among the three chemicals tested. 

The mechanisms for inhibition of this induced prolifera- 
tion by isoflavonoids are complex and have not been fully 
explored. By use of estrogen-responsive element (ERE)- 
transfected nonestrogen receptor cells, it has been demonstrated 
by several researchers that o,/?'-DDT induces proliferation 
through the interaction with the ERE (8,9). Similarly, it also 
has been demonstrated that octylphenol and nonylphenol 
mimic this action (3). In view of this mechanism, the 
inhibition of induced proliferation by isoflavones could be 
through 1) blocking the pathway or cellular events that lead 
to the interaction of environmental chemicals with ERE or 2) 
direcdy blocking the interaction between ERE and environ- 
mental estrogens. Protein kinases play a key role in regulating 
the cell proliferation, and genistein is now well recognized 
for inhibiting properties of various kinds of protein kinases 
(e.g., protein kinase C, tyrosine kinase, mitogen-activated 
protein kinase) (42-44). Because protein kinases are in- 
volved in the phosphorylation of estrogen and progesterone 
receptors and because phosphorylated receptors become ac- 
tivated, genistein might be direcdy interfering with the re- 
ceptor phosphorylation process. Also, there is a possibility 
that induced cell growth inhibition and death resulting from 
blocking the activities of protein kinases might be transientiy 
triggered on alteration of membrane fluidity by isoflavones. 
It is possible, therefore, that induced proliferation of estrogen 
receptor-positive cells and inhibition of growth could occur 
through estrogen receptor-dependent and -independent path- 
ways. The activities of other isoflavonoids used in tiiis study 
toward protein kinases are not known. The other receptor- 
independent pathway for inhibitory actions by isoflavones 
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against the induced cell growth may involve inhibition of 
DNA topoisomerase 11 (45). 

Pesticides and environmental chemicals discovered to be 
estrogenic are still widespread in our ecosystem. Most of 
these compounds are lipid soluble, resist metabolizing, and 
^e chemically stable. These properties may allow them to 
accumulate in humans or animals for a longer period of 
time. Furthermore, it is almost impossible to eliminate these 
compounds from the environment. Because identified and 
unrecognized environmental estrogens may remain in the 
environment, food, water, animals, or humans, the dietary 
strategies suggested previously (18) and supported by the 
in vitro data presented in this study may be of practical 
importance in preventing the adverse health effects of these 
environmental estrogens. 
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ISp-Hydroxysteroids (Part III). 
Steroids of the human perinatal 
period: The synthesis of 3p, 15p, 
17a-trihydroxy-5-pregnen-20-ohe. 
Application of w -butyl boronic acid 
protection of a 17,20-glycol 

George E. Joannou and Anthony Y. Reeder 

Department of Metabolic Mass Spectrometry, Royal Prince Alfred Hospital Camperdown, New 
South Wales, Sydney, Australia 

We report the synthesis of 3^J5^,17a'trihydroxy'5'pregnen-20-one (1) from 3^,l5^'dihydroxy-5J6- 
pregnadien'20'One (II) in 7 steps using boronate derivatives as a means of protecting the 17, 20- glycol side-chain 
of steroid intermediates. 16o.l7a-Epoxy'3%}5^'dihydroxy-5-pregnen-20-one (12), an intermediate in the syn- 
thesis was prepared by epoxidation of 11 using a mixture of sodium hydroxide and hydrogen peroxide. Reduction 
of 22 with lithium aluminium hydride gave the two isomers of 5'pregnene-3^J5^J7a.20 (S^K)-tetrol (13a and 
13b) which on subsequent reaction with n-butyl boronic acid gave 5-pregnene'3pj5^,17(x,20(S+R)'tetrol 
17<x20'butyl boronate (15a and 15b), Acetylation with acetic anhydride and pyridine yielded 3^,1 5^-diacetoxy' 
5'pregnene'I7a,20(S+R)-diol l7(x20{S^K)'butyl boronate (15c and 15d). Oxidative cleavage of the boronic 
ester using sodium hydroxide and hydrogen peroxide gave 3^J5ft'diacetoxy'5'pregnene-I7(x,20(S-hR)-diol (13c 
and 13d). After isolation of these latter two products, dibromide protection of the C-5,6 olefin of 13d and 
oxidation with N-bromosuccinimide gave 3^,15?^'diacetoxy-I7a-hydroxy-5'pregnen'20'One (16) which on 
deacetylation gave in good yield (35%) the desired product 3^J5^J7a-trihydroxy-5'pregnen'20-one (I) in an 
overall yield of 24% from IL (Steroids 61:11-17. 1996) 

Keywords: adrenal, /i-butyl boronate; 13|3-hydroxysteroids; hyperplasia; neonate; synthesis 



Introduction 

An increasing nuniber of ISP-hydroxylated steroids have 
been identified in human urine.'*" Of these, 3P,l5p,17a- 
trihydroxy-5-pregnen-20-one (1) and 3a,15p,l7a- 
trihydroxy-5P-pregnan-20-one (2) have emerged as the two 
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most imponant urinary metabolites. The former is a normal 
metabolite of the human perinatal period and a probable 
precursor of all known isp-hydroxylated steroids, while 
the latter is a metabolite pathognomonic of congenital adre- 
nal hyperplasia (CAH) in newborn infants.^ Other simi- 
lar steroids identified more recently are those of 3a,15p, 
17a-trihydroxyoa-pregnan-20-one (3), 3p,15p,17a- 
trihydroxyoa-pregnan-20-one (4), 3p,l5p.l7a-tri- 
hvdroxy-5p-pregnan-20-one (5), 5a-pregnane-3a, 
15p,l7ot.20S-tetrol (6), and 5p-pregnane-3a,15p.l7a. 
205-tettol (7), found in the urine of a four-month-old girl 
affected with CAH due to 2 1 -hydroxylase deficiency (Fig- 
ure I)." 

In our investigation of l5P-hydroxylated steroids, the 
synthesis of 1 became the primary aim. To this end. the 
synthesis of 3p,l5P-dihydroxy-5.l6-pregnadien-20-one 
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Figure 1 The chemical structures of compounds 1-7 and 14. 

(11) from 3P-hydroxy-5,15-androstadien-17-one (8), was 
achieved as a first-step objective (data submitted for publi- 
cation) in a scheme where selective oxidation of isomeric 
5-pregnen-3|3,15p,l7a,20(5+/?)-tetrois (13a and i3b) with 
iV-bromosuccinimide would yield the desired product 
(Scheme 1),^ In brief, reaction of 8 with 2-lithio-2-methyl- 
1,3-dithiane gave 20,20-trimethylenedithio-5,15-pregna- 
dien-3p,17p-diol (9) which when treated with aqueous acid 
rearranged to give 20,20-trimethylenedithio-5,16-preg- 
nadien-3p,l5p-diol (10), Cleavage of the dithioacetai group 
with mercuric chloride gave 11 which on epoxidation using 
basic hydrogen peroxide afforded 16a,17a-epoxy-3P.15p- 
dihydroxy-5-pregnen-20-one (12). Reduction with lithium 
aluminium hydride gave the desired isomeric 5-pregnene- 
3p,15p,17a,20(5+/?)-tetrols (13a and 13b). However, oxi- 
dation with //-bromosuccinimide, after protection of the 
C-5,6 olefin as the dibromide, gave 15P,17a-dihydroxy-4- 
pregnen-3,20-dione (14) in only fair yield'' with no evidence 
of the desired product 1, 

In this investigation we report the successful conversion 
of the isomeric tetrols (13a and 13b) to 1. This required the 
development of a protocol whereby the 3P- and 15p- 
hydroxy groups were protected prior to the oxidation of the 
I7a,20-glycol. 

Experimental 

The stoning material, 8, was obtained in our laboratory as an 
intemiediar>' product of synthesis of 14. The gas chromatography 
(GO. GC-mass spectroscopy (MS), elementafanalysis, and^NMR 
spectra of 14 were reponed elsewhere. 

Solvents were laboratory grade or better. Melting points were 



dciormincd on a Gallcnkamp Moiling Point Apparatus and are 
uncorrected. Ultraviolet spectra were determined on a Varian 
Techiron uliraviolet-visible spectrophotometer. 'H NMR were re- 
corded at 2(M) MHz using a Bruker AC-20()F spectrometer using 
TMS as internal reference and douierochloroform as the solvent 
unless otherwise noted. W,,. refers to the peak width at its half 
height. Gas chromatography was performed on a Hewlett Packard 
57 1 OA name ionization gas chromatograph using a glass solid 
injector and interpreted using a Shimadzu CR-4A chromatopac 
utilizing Eurekasoft analytical software (Eurekanalytical. Camper- 
down. Australia), results are expressed as methylene units (MU).*^ 
A 30 m capillary column from Helitlex Capillaries (RSL-150 poly- 
dimethylsiloxane; ID 0.25 mm) was used with helium as the carrier 
gas (2.0 mL/min), temperature programming from I97-270°C at 
I'^C/min with the detector and injector block temperatures were 
300**C and 250''C, respectively. Mass spectra were recorded on a 
Finnigan MATTSQ-70 mass spectrometer scanning from 80 to 800 
d at 70 eV. CIMS was obtained using methane (CICHj or meth- 
ane/ammonia (CINH3) as plasmd and with a reagent gas pressure 
of 5-10 torr. Low resolution CIMS using isobutane and high res- 
olution mass spectra were run on a VG Autospec. Silica gel H 
(Merck, type 60) was used for chromatography.* Steroid derivati- 
zation for GC and GC-MS analyses were either as the methylox- 
ime-pertrimethylsilyl derivative (MOTMS) or as the penrimeth- 
ylsilylated derivative (TMS) and were carried out as reported 
earlier.* 

16(X, 1 7a'Epoxy'3Rj5Q'dihydroxy'5-pre9nen- 
20'One (12) 

A solution of 11 (198 mg, 0.6 mmol) in methanol (13 mL) was 
cooled in an ice bath then aqueous sodium hydroxide (600 ui, 2 M) 
and aqueous hydrogen peroxide (500 \il 30%) was added. The 
reaction mixture stood for 16 h at 4°C. After neutralization with 
acetic acid (70%) and evaporation to dryness, the residue was 
partitioned between ethyl acetate and water. The organic phase 
was washed with water, dried (Na2S04), and evaported to dryness. 
Recrystallization using dichloromethane-lisht petroleum save 160 
mg (77%) of 12: m.p. 172-174°C; 'H NMR 5 5.34 (I H. W,., = 10 
Hz. H.6). 4.20 (1 H. d i = 5 Hz. H.I5), 3.71 (1 H. br s, H-16); 3.50 
(1 H. W,/, = 26 Hz, H-3). 2.05 (3 H, s. H-21), 1.27 (3 H. s, H-18). 
L05 (3 H. s, H-19); SP-EIMS m/z (%) 346 (37) [M*], 328 (26) 
[M-H2O], 313 (11) [M-H.O-Me]. 310 (10) [M-2 x H.O]. 285 (10) 
[M-H^O-MeCO], 267 (20). 253 (17). 220 (21), 205 (76), 175 (27). 
171 (25), 169 (14), 161 (15), 159 (22), 157 (14). 148 (44). 147 
(33). 145 (39). 143 (27). 133 (20), 127 (20), 119 (43), 91 (100). 
Found C 72.5%. H 8.4%; Co,H3o04 requires C 72.8%, H 8.7%. 
GC (as MOTMS) MU = 29.70: GC-EIMS m/z (%) 519 (10) [M"]. 
504 (12) [M-Me], 488 (55) [M-OMe], 398 (20) [M-OMe-OTMS], 
356 (20). 324 (16), 308 (23), 282 (17). 254 (26). 197 (19). 171 
(58). 129 (100). 

5'Pregnene^3^. 7ip. / 7a-20(S'\-RHetrol (13a 
and 13b) 

To a solution of 12 (250 mg. 0.72 mmol) in anhydrous tetrahy- 
drofuran (50 mL), lithium aluminium hydride (30 mg, 0.8 mmol) 
was added and the mixture was refluxed for 1 h. The excess 
reagent was destroyed by the addition of ethyl acetate and the 
mixture filtered through celire. dried (Na.SOj, and evaporated to 
dryness. Chromatography of the residue on silica, eluting with 
ethyl acetate/light petroleum (3: 1, v/v) gave after recrystallization 
from acetone/hexane 180 ma (71%) oflsb: m.p. 212-214''C: *H 
NMR 5 5.36 (I H. W,/, = 10 Hz, H-6). 4.28 (I H, W,„ = 12 Hz, 
H-I5).4.ll (I H,q7 = 6Hz. H-20), 3.50(1 H. W^,, = 2is Hz, H-3). 
i.l6 (3 H. d y = 6 Hz; H-21), 1.06 (3 H, s. H-18), 1.05 (3 H. s, 
H-19); SP-EIMS m/z (%) 350 (6) [M^. 332 (7) [M-H,0]. 305 



15^'Hydroxysteroids, part III: Joannou and Reeder 




15a R=K 20S; 
15b R=:H. 20R 
15c R=Ac. 20S; 
15d RsAc. 20R 



13c 20S 
13d 20R 



16 R<iAc 
1 R=H 



1) 2-frethyl-l >dhhiane. LDA. -78*C; 2) H*. HjO: 3) HgCOj. CaCOj; 4) NaOH. HjOj; 
5) LiAIH4. THF; 6) n'C^H^B{0H)2: 7) AcjO. Pyr; 8) Pyridine.HBr.Bf2. NBS, Nal: 9) NaOH 

Scheme 1 The synthesis of 5-pregnen-3p,15p,17a,20(/?+S)- 
tetrol (13a and 13b) and its conversion to 33J5[3J7a-trihydroxy- 
5-pregnene-20-one (1) and 15p,17a-dihydroxy-4-pregnen-3,20- 
dione (14). 



(100) [M-CH3CHOH], 287 (25) [M-CH3CHOH-H2O], 271 (16), 
269 (20), 251 (11). 215 (20), 211 (16), 200 (15); SP-CIMS/CH4 
m/z (%) 349 (12) [M-lf, 333 (92) [MH-HjO], 315 (100) 
[M-CH3CHOH], 287 (37), 269 (13); Found: C 72.3%, H 9.8%; 
C2iH3404 requires C 72.0% H 9.8%. GC (as IMS) MU = 29.71; 
GC-EIMS m/z (%) 638 (1) [M*], 521 (100) [M-CH3C-OTMS]. 
431 (72) [M-117-0TMS]. 391 (22). 333 (23), 251 (13), 191 (40), 
147 (35). 117 (78). 

Further elution gave after recrystallization from acetone/hexane 
40 mg (17%) of 13a: m.p. = 223-224°C; NMR (CDCI3) 5 
p.p.m. 5.36 (1 H, m W,,, = 10 Hz, H-5), 4.28 (1 H, m Wi;, = 15 Hz, 
H-15). 3.91 (I H, q 7 = 6 Hz, H-20), 3.50 (1 H. m V/^f^'= 26 Hz, 
H-3), 1.19 (3 H, d /= 6 Hz, H-21), L05 (3 H, s, H-19), 0.99.(3 H, 
s, H-18); SP-EIMS m/z (%) 350 (not delected, ND), 305 (100) 
[M-CH3CHOH], 287 (6) [M-45-H.O], 269 (5), 211 (16); SP- 
CIMS/CH4 m/2 (%) 349 (13) [M-m 333 (100) [M-CH3]. 315 
(83) [M-15-H.0], 297 (14) [M-15-2 x H,0], 271 (13) [M-15-3 x 
H.O]. 245 (3'); Found: C 68.4%. H 9.9% C.,H3404 : H,0 re- 
quires C 68.4%. H 9.8%. GC (as IMS) MU = 29.84; GC-EIMS 
m/z (%) 638 (I) [M^], 521 (100) [M-CH3CHOTMS]. 431 (72) 
[M-in-OTMS], 391 (22), 333 (23), 251 (13). 191 (40), 147 (35). 
117 (78). 

5'Preonene'3i^, 75(3. 1 7(x20S-tetrol 1 7a. lOS-butyl 
boronate (15a) 

To a solution of i3a (10 mg. 0.028 mmol) in ethyl acetate (5 mL). 
/i-butylboronic acid (3 mg. 0.029 mmol) was added and after 5 min 
standing at room temperature, the solution was evaporated to dry- 
ness to give 1 1 .9 mg of a mixture of 15a and 13a in a ratio of 74:26 
(analysis by GC and GCMS): Compound (15a): 'H NMR (CDCI3) 



5 p.p.m. 5.34 (1 H. W,/, = 10 Hi. H-6). 4.3 (2 H. W,,, = 1 1 Hz, 
H-15 + 20). 3.48 (1 H. W,,, = 23 Hz. H-3). 1.26(3 H. dy = 6Hz, 
H.21). 1.05 (3 H. s, H-19), 0.99 (3 H. s. H-18); SP-CIMS/CH^ m/z 
(%)416(8) [M^I. 398 (24) (M-H,0|. 383 (10) [M-H,0-Me|. 3 15 
(8) [M-HjO-Me-nBuBI. 297 (lOO"), 287 (24). 269 (30). 253 (12). 
215 (27), 183 (15). 145 (38): high resolution MS (SP-CIMS/ChJ 
(as M"| expected 416.3098; found = 416,3094. GC (as TMS) MU 
= 31.03; GC-EIMS m/z (7^)560 (<0.5) [M*-j. 545 (3) [M-Mol,472 
(12) [M-Me-MejSi], 470 (36) [M-Me3SiOH]. 455 (6) 
[M-Me,SiOH-Mel. 431 (5). 380 (12) [M-2 x Me3SiOH]. 365 (21), 
353 (16). 297 (9). 278 (53). 263 (64). 25 1 (40), 238 (30), 224 (23), 
209 (40), 184 (19). 171 (28), 157 (47). 145 (33). 129 (100). 118 
(30). 105 (40); GC-CIMS/CH4 m/z (%) 561 (25) (MH*1, 559 (39), 
[M-l], 545 (100) [M-Me], 471 (54) (M+l-Me3SiOH], 459 (17) 
381 (59) (M-Kl-2 X Me3SiOH]. 369 (23), 297 (10). 279 (21), 255 
(7), 129 (10). 91 (25). 

5-Pregnene'3^. 15% 1 7a^20R^tetrol 1 7a.20R-butyl 
boronate (15b) 

To a solution of 13b ( 100 mg, 0.28 ihmol) in ethyl acetate (27 mL), 
n-butyl boronic acid (29.6 mg, 0.29 mmol) was added and after 5 
min standing at room temperature, the solution was evaporated to 
dryness to give 1 19 mg (102%) of 15b and 13b in a ratio of 97:3 
(as analyzed by GC and GC-EIMS as the persilylaied derivatives 
[M''560] and M*638I, respectively). 15b: 'H NMR 5 5.3 (1 H, 
W,/. = 10 Hz, H-6), 4.35 (2 H, W.,, = 10 Hz, H-15 20). 3.47 (1 
H. W,/. = 12 Hz, H-3). 1.29 (3 H, d y = 7 Hz. H-21), 1.07 (3 H, s. 
H-19), 0.93 (3 H. s, H-18); SP-CIMS/CH4 m/z (%) 416'(1 1) [M-h], 
398 (37) [M-H2O], 383 (11) [M-H.O-Me], 315 (54) [M-H20-Me- 
nBuB], 297 (100). 287 (29), 269 (61). 253 (33), 215 (14), 183 (17), 
154 (16). 145 (13), 129 (21). 119 (11); high resolution MS ex- 
pected (SP-CIMS/CH4) [as M"] 416.3098; found = 416.3099. GC 
(as TMS) MU = 30.70. GC-EIMS m/z (%) 560 (0,4) [M"]. 545 (3) 
[M-Me], 470 (36) (M-Me3SiOH], 455 (7%) [M-McjSiOH-Me], 
431 (7), 380 (17), 365 (29). 353 (18), 297 (8), 281 (11), 278 (35), 
263 (64), 251 (33), 238 (20). 224 (25), 209 (46). 184 (19). 171 
(28), 157 (44), 147 (38). 129 (100), 105 (40). GC-CLMS/CH4 m/z 
(%) 561 (28) [MHr. 559 (38). 545 (100). 470 (43), 459 (32), 381 
(59), 369 (26), 297 (14). 279 (18). 

3%15^'Diacetoxy'5'pregnene'17oi,20(S)-diol 
17a.20(S)'butyl 'boronate (15c) 

A solution of the crude boronate 15a (15 mg, 0.036 mmol. 74% by 
GC) in pyridine (5 mL) and acetic anhydride (5 mL) stood for 48 
. h in the dark at .room temperature. The mixture was then evapo- 
rated to dryness to give 18 mg of the 15c as a gum [GC/MS 
analysis shows 63% pure with two other compounds 17% of 15a 
and 20% of 3|3,15p.205-lriacetoxy-5-pregnene-17a-ol (13e)]: 
Compound (15c): 'H NMR (CDCI3) 5 p.p.m. 5.40 (1 H, m W,,. = 
10 Hz. H-6), 5.15(1 H, mW,/,= 16 Hz, H-15), 4.61 (1 H. m W.^, 
= 28 Hz. H-3). 4.32 (1 H. q 7 = 6.6 Hz. H-20). 2.04 (3 H. s. OAc)\ 
2.01 (3 H. s, OAc), 1.32 (3 H, d y = 6.6 Hz, H.21), 1.04 (3 H. s. 
H-19), 0.88 (3 H. s, H-IS); SP-CIMS/CH4 m/z (%): 501 (3) 
[MH*), 441 (53) [M-CH,CO.H], 399 (10) [M-C^H^B (OH).]. 381 
(100) [M-2 X CH3C0,H]. 339 (39), 313 (7). 297 (25). 279 (42); 
DCI prohe-€l/lsobutane [as MH] m/z (%) 501 (0.5) [MH^l, 441 
(36) ]M-CH3C0,H]. 399 (19) [M-nBuBO.H.]. 381 (100) [.M-2 x 
CH3CO.H]. high resolution MS (DCI probe-Cl/'lsobutane) ex- 
pected 501. 3387: found = 501.3382. GC (not derivatized) MU = 
32.84; GC-EIMS m/z t%); 500 (ND) [M*-]. 380 (69) [M-2 x 
CH3CO.Hr, 36>(IS). 343 (7). 279 (15), 263 (100). 251 (14), 236 
(21). 220 (31). 209 (57). 193 (32). 170 (51), 155 (33). 145 (63). 
129 (94), 105 (58). 
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Jp. l5^-DiacetoxV'5'presnene-l 7(x20(RHliol 
l7cjL,20(Rhbiityl 'boronate (I5d) 

To solucion of the crude boronalo 15b (KM) mg. 0.23 mmol/97% 
by GO in pyridine (5 niL). acetic anhydride (5 mL) was added and 
the mixture stood for 48 h in the dark at room temperature. The 
mixture was then evaporated to dryness to give 115 mg (95%) of 
I5d as a gum (GC/MS analysis shows 97% pure with 3% of I3f|, 
Compound (I5d): 'H NMR 6 5.40 (1 H. m W,,, = 1 1 Hz. H-6). 
5.24 ( I H. m W,,, = 1 8 Hz, H- 1 5). 4.65 ( 1 H, m Wi,, = 28 Hz, H-3). 
4.40 (I H, q i = 6.6 Hz.H-20). 2.04 (3 H, s, OAc). 2.01 (3 H. s, 
OAc), 1 .25 (3 H. d y = 6.6 Hz, H-2 1 ). 1 .07 (3 H. s, H- 1 9), 0.87 (3 
H. s. H-18); SP-CIMS/CH^ m/z (%) 500 (2) [M-l], 501 (ND) 
441 (21) [M-CH3CO.H]. 399 (3) [M.nBuB02H-,], 381 
(100) [M-2 X CH3CO.HI, 339 (28) [M-nBuBO.H.-CHjCIO^H], 
297 (13), 279 (11); DCl probe-Cl/Isobutane m/z (%) 501 (0,5) 
[MH"). 441 (36) [M-CH3CO2H], 399 (19) [M-nBuBO.H,], 381 
(100) (M-2 X CHjCO^^H]. high resolution MS (DCI probe-CI/ 
isobutane) [as MH] expected 501.3387; found = 501.3379. GC 
(not derivaiized) MU = 32.40; GC-EIMS m/z (%) 500 (ND) [M*^], 
440 (2) [M-CH3C0,Hr. 398 (5) [M-nBuBO^H,]. 380 (100) [M-2 
X CH3CO,H], 365 (14), 278 (7), 263 (86), 25''l ('l3), 209 (49), 183 
(16), 155 (26), 129 (38); GC-CIMS/CH4 m/z (%) 500 (I), 441 
(11), 383 (30), 381 (100), 339 (18), 297 (22), 279 (69); 253 (8). 
106 (20). 

ip, 15^'Diacetoxy-5-pregnene'17%20(S)-diol (13c) 

To a solution of the crude acetoxyboronate 15c (20 mg. 0.025 
mmol, 63% by GC) in THF (3 mL), sodium hydroxide (2 M, 100 
liL) was added followed by hydrogen peroxide (30%, v/v; 100 
\xL). After 1 h at room temperature the solution was neutralized 
with hydrochloric acid ( I M, 200 jiL), evaporated to low volume 
and extracted with ethyl acetate. The organic phase was washed 
with water, dried (Na2S04) and evaporated to dryness. The residue 
was chromatographed on silica gel. eluting with ethyl acetate/light 
petroleum (1:2. v/v) to give 7 mg (40%) of 13c: *H NMR 5 5.39 
(1 H, W,/, = 10 Hz, H-6), 5.17 (I H. W,,, = 16 Hz, H-15). 4.63 (I 
H, W,/, = 28 Hz, H-3), 3.92 (I H, q 7 = 6 Hz. H-20). 2.04 (3 H, s. 
OAc). 2.00 (3 H, s. OAc, 1.21 (3 H, d 7= 6 Hz, H-2 1). 1.07 (3 H, 
s, H-19), 0.96 (3 H. 2, H-18). (d^-acetone) 5 p.p.m. 5,37 (I H, W,,, 
= 9 Hz, H-6), 5.08 (I H, W,/, = 16 Hz, H-15), 4.50 (I H. Wi,, = 32 
Hz. H-3). 3.83 (I H, q 7 = 6 Hz, H-20). 1.96 (3 H. s, OAc); 1.95 
(3 H. s, OAc). 1.14 (3 H, d y = 6 Hz, H-21), 1.07 (3 H, s. H-19). 
0.98 (3 H, s, H-18); SP-CIMS/Isobutane m/z (%); 417 (10) 
[M-H.O], 399 (6) [M-2H2O], 375 (100) [M-CH3C0,H], 357 (36) 
[M-H.0-CH3CO-,H], 339 (10) [M-2 x H,0-CH3CO,H], 315 (59) 
[M-2 X CH3CO.H], 297 (61) (M-H.0.2 x CH3CO,H], 279 (8), 
253 (15); SP-CIMS/NH3 m/z (%); 452 (100) [MNH/], 392 (18). 
357 (4), 279 (7); high resolution MS (SP-CIMS/isobutane) [as" 
MH-18. no MH present] expected = 417.2641; found = 417.2646. 
GC (as TMS): MU = 31.52; GC-EIMS m/z (%); 578 (ND) [M*]. 
518 (0.4) [M-eOT, 401 (87), 368 (9). 341 (26), 268 (5). 251 (17), 
209 (4). 195 (15). 169 (27), 157 (27). 147 (39), 117 (100). 

jp. 15^-Diacetoxy'5-pregnene'l 7a,20(Rj-diol (13d) 

To a solution of the crude diacetoxyboronate 15d (100 mg, 0.2 
mmol. 97% by GC) in tetrahydrofuran (10 mL), sodium hydroxide 
i- M, 0.5 mL) was added followed by hydrogen peroxide (30%, 
v/v: 0.5 mL). After I h at room temperature the solution was 
neutralized with hydrochloric acid (I M, I mL). evaporated to low 
volume and extracted with ethyl acetate i3x). The organic phase 
was washed with water, dried, (Na^SO^) and evaporated to dry- 
ness. The residue v/as chromatographed on silica gel. eluting with 
ethyl acetate/light petroleum (1:2, v/v) to give 60 ma (70%) of 
13d: 'H NMR 5 5.36 (1 H. W.,, = 9 Hz. H-6), 5.12 (1 H, W.,, = 



I5H/.. H.15), 4.6(1 H. W.,, = 28 Hz. H.3),4.l (I H. q 7 = 6 Hz 
H.20), 2.03 (3 H. s, OAc). 1.99 (3 H. s, OAc). 1. 16 (3 H. d 7 = 6 
Hz, H.2I), 1.07 (3 H, s. H.|9). 1.02 (3 M. s, H-18). (d,-acetone) 
5..l4fl H. W,„=:8 Hz. H.6). 5.06(1 H. W,,, = p Hz H-15) 4 50 
(I H.W.,, = 32 Hz. HO). 4.02 (I H. q 7 = 5 Hz. H-2()),l 96(3 H 
s. OAcK 1.94(3 H. s. OAc). 1.09(3 H.dV = 5 Hz^H-"*!) I 07(3 
H, s. H-19), 1.05 (3 fi, s. H.I8): SP-CIMS/i.sobutane m/z (%)• 417 
(10) |M-H,0|, 399 (6) |M-2H,0|. 375 (100) IM-CH.CO^H! 357 
(36) |M.H,0-CH,CO,H|. 339 (10) [M-2 x H,0-CH ,CO:Hr 3 15 
(59) [M.2 X CHjCO^HI, 297 (61) lM.H,0-2"x CH,C0:H|' ^79 
(8), 253 (15); SP-CIMS/NH, m/z {%): 452 (100) [MNH/!,' 392 

(12) . 314 (3); high resolution MS (SP-ClMS/isobutane) [as MH- 
18, no MH present) expected = 417.2641; found = 417 2634 GC 
(as TMS) MU = 31.49; GC-EIMS m/z (%); 578 (ND) [M*] 518 

(2) [M-60]*. 502 (I). 457 (2.5), 401 (100), 368 (7). 341 CO)' 195 

(3) , 169 (6), 157 (7), 131 (10). 117 (60), 

ip. I5^'-Diacetoxy'5'pregn€ne'I7a.20(^)-d\ol 
lla^lOS-n-butyi boronate (IJc) 

A solution of 13c (2 mg. 0.0046 mmol) was dissolved in ethyl 
acetate ( 1 mL) and n-butyl boronic acid (0.6 mg) was added. After 
5 min at room temperature GC analysis proved the mixture to 
consist of 13c and 15c in a ratio of 1 :2. 

Jp, 15^'Diacetoxy-17Oi'hydroxy'5'pregnen-20'One (16) 

To a spludon of 13d (50 mg, 0.1 15 mmol) in methanol (5 mL, 
0.1 15 mmol). pyridinium bromide perbromide (50 mg, 0.23 mmol) 
was added. After 10 min at room temperature, the solution was 
evaporated to dryness, extracted with dichloromethane, and 
washed with water. The organic layer was evaporated to dryness 
and the residue was dissolved in dioxan (I mL). water (100 jiL) 
was added, followed by /V-bromosuccinimide (35 mg, 0.2 mmol).' 
The solution was stirred in the dark for 24 h before being diluted 
with ethyl acetate. Solid sodium iodide (20 mg. 0.13 mmol) was 
added and the solution was stirred for 5 min then aqueous saturated 
sodium thiosulfate was added. The reaction mixture was stirred for 
a funher 5 min before it was extracted three times with ethyl 
acetate. The combined organic phase was washed with sodium 
bicarbonate (1.2 M) then water, dried (Na^SOJ, and evaported to 
dryness. The residue was chromatographed on silica gel eluting 
with dichloromethane/ethyl acetate to give after recrystallizing 
from dichloromethane/hexane 30 mg (60%) of 16: m.p. 277- 
278°C; 'H NMR 5 5.38 (I H, W,,, = 9 Hz, H-6), 5.23 (1 H, W.,, 
= 17 Hz, H-15). 4.61 (1 H, W„, = 34 Hz, H-3), 2.28 (3 H, s, H-21): 
2.04 (6 H, s, OAc-3,15). 1.07 (3 H, s. H-19). 0.92 (3 H. s. H-18); 
SP-CIMS/CH4 m/z (%): 433 (5) [MH*], 415 (5) [M-H.O]. 373 
(65) [M-CH3CO.H]. 355 (28) [M-H.O-CH3CO.H]. 313 (100) 
[M-2 X CH3CO.H]. 295 (65); calculated for CsHj^O^: C. 69.42; 
H. 8.39. Found: C. 69.72: H, 8.33. GC (as the methvloxime) MU 
= 31.05; GC-CIMS/CH4 m/z (%); 533 (30) [MH"^],'502 (7), 473 

(13) [M-CH3CO.H], 442 (100) [M-(CH3)3SiOH]. 383 (9). 352 
(34). 323 (18). 309 (12), 292 (55). 251 (10). 212 (11). 187 (29). 
186 (38). 170 (49), 169 (34). 157 (26). 145 (35), 131 (21). 121 
(23). 105 (24). 

iP. 7 Jp. 1 7o,-Trihydroxy'5-pregnen-20-one (I) 

To a solution of 16 (30 mg, 0.07 mmol) in ethanol (4 mL), sodium 
hydroxide (0.5 ml. 2 M) was added and the solution was heated at 
40'=C for 10 min. Hydrochloric acid (I .M. I mL) was added, the 
mixture was evaporated to low volume and diluted with ethyl 
acetate. The organic phase was washed with water, dried 
(Na.S04). and evaporated to dryness to give after crystallization 
from acetone 22 ma (91^0 of l: 'm.p. 25S-260X; 'H NMR 6 5.37 
(I H.mW,,,= 10 Hz. H-6), 4.36(1 H. m W,^, = 14 Hz. H-15), 3.50 



W,, = 24 Hz, HO). 2.28 (3 H, s. H-21), 1.04 (3 s. 
H- 1 9).' 0.94 (3 H. s, H-IH); SP-CIMS/CH^^m/z 349 (6) 



(I H. m W,;, 




hi^'h resolution EIM5 e.xpc 
V OTMS) MU = 29.11; GC-EIMS n\li (%); 593 (26) [iVl^. 562 
i76) 503 (10). 472 (38). 362 (19). 25H (100), 231 (12). 188 (31), 
I '►9 (29). The GC and GC/MS data are identical to that reported 
earlier.' 

Results and discussion 

The synthesis of 3pJ5p,[7a-trihydroxy-5-pregnen-20-one 
(1) from 5-pregnene-3p,l5pj7a,20(5+/?)-tetrols (13a and 
13b) required the selective protection of the C-3|3 and 
C-15P hydroxy groups prior to the oxidation of the C-20 
hydroxy functional group. In principle, this could be 
achieved by either the direct preparation of protected deriv- 
atives of 13a and 13b or by preparation of suitable deriva- 
tives of 3|3.15|3-dihydroxy-5,l6-pregnadien-20-one (11) or 
l6a,l7a-epoxy-3P,l5p-dihydroxy-5-pregnen-20-one (12) 
followed by reduction to the protected 13a and 13b. At- 
tempts to prepare derivatives of 11 and 12 followed by 
reduction in good yield included the formation and cleavage 
of the f-butyldimethylsilyU tetrahydropyranyi. methoxy- 
methylene ethers, and acetyl esters but were unsuccessful. 

Since a high-yielding synthesis of protected forms of the 
C-3 and C-15 hydroxy was not found, the protection of the 
C- 17.20 glycol was investigated prior to reaction of the C-3 
and C-15 alcohols. The preparation of acetonide ketals was 
not successful due to the ease of dehydration of the C-ISP 
alcohols. A scheme was devised using boronate derivatives 
to protect the glycol side chain prior to protection of the C-3 
and C-15 hydroxy functional groups which after hydrolysis 
of the boronate* ether would yield suitable derivatives of 13a 
and 13b. To this end a number of boronate derivatives were 
investigated. 

Both n-alkylboronates and n-aryl boronates are known 
for the protection of diols or amino alcohols.^"^^ There are 
two methods employed to prepare the boronates. An ethyl 
acetate solution of the diol or amino alcohol is stirred with 
an /i-alkyl boronic acid or n-aryl boronic acid^-'"* or the 
diol or amino alcohol is refluxed in the presence of the 
corresponding trialkyl boroxine. the anhydride of the cor- 
responding boronic acid.^*'*'^" However, a side-product of 
this reaction is n-butyl boronic acid and, although only a 
weak acid, under these reaction conditions it was expected 
that catalytic dehydration of the C-15P hydroxy group could 
occur. 

The quantitative conversion of 5p-pregnane-3a,17a,20 
'5~/?)-triol (18a and 18b) with /i-butyl boronic acid to the 
C-:o/? and C-205 isomers of 5p-pregnane-3a,l7a.20 
'i-/?)-triol-l7a.20-butyl boronate 19a and 19b) has been 
roporied previously.'^ It was shown that the free alcohols of 
these compounds were easily converted to the trimethylsilyl 
other or acetate derivatives. It is known that the benzene . 
boronic esters tend to be resistant to hydrolysis when com- 
pared to the butyl boronic ester'"*: however, as the planned 
reaction sequence required the selective hydrolysis of the 
boronic ester in preference to the C-3p and C-15p acetates 
UMng a mixture of sodium hydroxide and hydrogen perox- 
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idc, the choice of boronic acid (e.g., methyl, n-buiyl, r-butyl, 
or benzene boronic acids) was based upon the ease of for- 
mation and removal versus its stability to hydrolysis. 

In this study, reaction of «-butyl boronic acid with 
5-pregnene-3pj5P.l7a,2()/?-tctrol (13b) resulted in a prod- 
uct which on analysis by GC and GC-MS. after reaction 
with bis-(trimethylsilyl)-trinuoroacetamide, proved to be a 
mixtureof97%5-pregene-3P.15p,17a.20/?-tetrol-l7a,2O/?- 
butyl boronate (15b) and 3% 13b. Acetylation of this mix- 
ture with acetic anhydride in pyridine gave 3P,15P- 
diacetoxy-5-pregnene-17a,20/?-diol 17a,20/?-butyl 
boronate (15d) with 3p, l5p,20/?-triacetoxy-5-pregnene- 
l7a-ol (130 as a minor component (3%). The boronte (15d) 
was rapidly cleaved on treatment with sodium hydroxide 
and hydrogen peroxide to give after chromatographic puri- 
fication 3p,15P-diacetoxy-5-pregnene-l7a,20/?-diol (13d) 
in 70% overall yield (Scheme 1). 

In contrast to the reactions observed with 13b, reaction 
of the 205-tetrol (13a) under identical conditions with n-bu- 
tyl boronic acid in ethyl acetate gave a mixture of 74% of 
5-pregnene-3p,l5p,l7a,205-tetrol 17a,205-butyl boronate 
(15a) and 26% of 13a. Acetylation using acetic anhydride in 
pyridine could not be induced to go to completion and re- 
sulted in a mixture of 3p, l5P-diacetoxy-5-pregneae- 
17a,205-dioM7a,205-butyl boronate (15c), 15a and 
3p,l5P,205-triacetoxy-5-pregnene-l7a-ol (13e) as identi- 
fied by GC-MS. Hydrolysis of this mixture with sodium 
hydroxide and hydrogen peroxide gave after chromatogra- 
phy 3P,l5p-diacetoxy-5-pregnene-17a,205-diol (13c) in 
40% overall yield. 

The above results are for reactions of 13a and 13b with 
n-butyl boronic acid run at the same dme and identical 
conditons; therefore, these results reflect the equilibrium 
position of these reactions. Numerous repetitions of these 
reactions under different conditions, i.e., changing reagent 
concentrauons and so on gave similar results. Under iden- 
tical reaction conditions to that used in the reactions of 13a 
and 13b, we were able to reproduce the reported results*^ 
that 18a and 18b react quantitatively with /i-butyl boronic 
acid to give 19a and 19b. The rate of hydrolysis of (the 
acetonides of 18a and 18b have been found to be vastly 
different. The acetonide of 18a was hydrolyzed using 60- 
80% aqueous acetic acid at room temperature within 24 h. 
In stark contrast, the acetonide of 18b was stable under 
these conditions, requiring refluxing 80% acetic acid to hy- 
drolyze. These results were interpreted in terms of the ease 
of approach of the proton to the 205 acetonide and also due 
to the additional ring strain of the acetonide due to the sieric 
interaction of the C^-l8 and C-21 methyl groups.-*^ 

Inspection of molecular models reveals that the l7a,20S- 
glycol is locked is a cis conformation and there exists a 
serious non-bonded interaction between the C-18 and the 
C-21 methyl groups (Figure 2). Addition of a l5P-hydroxy 
group as in 15a adds another 1-3 diaxial non-bonded iiuer- 
action between the C-15P hydroxy group and the C-18 
methyl group, increasing the steric congestion of the C-18 
methyl group, which results in destabilization of the 
C-17,'205-boronate. The difference in ease of acetylation of 
15a and 15b is indicative of an increase in steric congesition 
of the C-l5p-hydroxy group by the C-18 methyl group in 
I5a as compared to 15b, where the C-18/C-21 intense mcth- 
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yl/methyl interaction is replaced with a minor methyl/ 
hydrogen interaction. Further evidence supporting this 
premise was obtained by reaction of I3c, a compound in 
which the C-ISP hydroxy group has been acetylated to the 
C-lSP acetate, thereby slightly increasing the 1,3-diaxial 
interaction of the C- 1 SP group with the C- 1 8 methyl groups, 
under identical conditions to those reactions reported above. 
The equilibrium position, as reflected by the ratio of prod- 
ucts obtained 13c (33%) and I5c (67%), has been signifi- 
cantly shifted towards the unreacted diol. The relative sta- 
bility of these molecules is complicated by the combination 
of a spiroannular biscyclopentane unit in which one of the 
cyclopentanes is part of a strained trans-8-methylhydrin- 
dane unit. An in-depth investigation using molecular dy- 
namics would be needed to gain greater insight of the fac- 
tors affecting the equilibra. 

Although benzene boronic acid is known to yield esters 
of greater stability than the n-butyl boronic esters, reaction 
of 13a with benzene boronic acid in ethyl acetate yielded 
5-pregnene-3p,15|i,17a,20(S)-tetrol 17a,20S-benzene bor- 
onate and die starting material 13a in a similar ratio to that 
obtained with n-butyl boronic acid with no added advantage 
and therefore were not exploited in our studies. 

iV-Bromosuccinimide has been shown to be effective in 
glycol oxidation while at the same time avoiding glycol 
cleavage. '^ '^ Neither chromium compounds nor silver car- 
bonate were successful in avoiding the cleavage of the gly- 
col.^ Early attempts using A^-bromosuccinimide gave nu- 
merous side products and low yields (10%); however, 
protection of the C-5 alkene as the dibromide resulted in a 
much cleaner reaction.^ In this study the reaction of 13d 
with pyridinium hydrobromide perbromide gave 3p,15P- 
diacetoxy-5,6-dibromopregnnne-17a,20i?-diol v/hich with- 
out isolation was oxidized with iV-bromosuccinimide to give 
after debromination with sodium iodide, 3p,l5P-diacetoxy- 
17a-hydroxy-5-pregnen-20-one (16) in 60% yield (Scheme 
1), Hydrolysis of 16 with sodium hydroxide in ethanol gave 
3P,l5p,l7a-trihydroxy-5-pregnen-20-one (1), the desired 




Figure 2 The stereochemical relationship of the C-21, C-18 me- 
thyls and the C-ISP hydroxy groups. 



product, in an overall yield of (35%) from I3b. No attempts 
were made to obtain the same desired product from the 
corresponding isomer 13;i. 

This study shows that the application of boronate chem- 
istry as a means of protecting the 17,20-glycol has been 
successful in assisting with the synthesis, of ISP- 
hydroxylated C-21 steroids. This overcame the major prob- 
lem of protecting the l5P-hydroxy group which proved dif- 
ficult to derivatize due to steric hindrance, a rate-limiting 
step with other competing functional groups such as those at 
C-3 and C-20, respectively. It is envisaged that this method* 
can also be applied in the synthesis of isomeric C-21 ste- 
roids hydroxy lated at C-I5a. 
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Abstract 

This study was undertaken to better understand the metabolic fate of dietary isoflavones 
in humans. Twelve volunteers were challenged with soya flour and urinary diphenol levels 
were then determined by gas chromatography (GC) and gas chromatography-mass spectrome- 
try (GC-MS). The presence of previously described urinary diphenols was conflrmed, i.e. the 
isoflavones, daidzein and genistein; the isoflavonoid metabolites, equol, dihydrodaidzein (Int- 
0-D), 0-desmethyi-angolensin (O-Dma); the lignan, enterolactone. Diphenols detected for 
the flrst time were the isoflavone, glycitein and Ave novel isoflavonoid metabolites which are 
tentatively identifled as 6'-hydroxy-0-desmcthylangolensin (6'OH-O-Dma), dihydrogenis- 
tein (Int-O-G), dehydro-O-desmethylangolensin (dehydro-O-Dma) and two isomers of 
tetrahydrodaidzein. Urinary excretion rates of the three isoflavones (daidzein, genistein, glyci- 
tein) over a 3-day period following soya challenge showed moderate variation (4 x , 6 x and 
12 X , respectively) between the 12 individuals suggesting some individual variabilities in abili- 
ty to deconjugate and to absorb dietary isoflavones. However, urinary excretion rates of each 
of three major isoflavonoid metabolites (equol, O-Dma, 6'OH-O-Dma) showed more marked 
variation (922 x, 17 x, 15 x, respectively); while some of this variability may reflect varying 
individual ability to ferment dietary isoflavones per se, an inverse relationship was found be- 
tween urinary levels of equol and both O-Dma and S'.OH-O-Dma suggesting individual 
variability in the preferred metabolic pathways of dietary isoflavones. 

Key words: Isoflavonoids; Daidzein; Genistein; Equol 
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I. Introduction 

Isoflavones are plant diphenols, with at least 230 types described [IJ. A range of 
biological functions in plants has been ascribed to isoflavones, with anti-microbial 
activities being important [1). A small number of isoflavones additionally display 
oestrogenic activity in animals, an effect which has been attributed to the similar 
spatial arrangement of functional groups on both isoflavones and oestrogens, allow- 
ing those isoflavones to bind to oestrogen receptors [2,3], 

Isoflavones occur principally, although not exclusively, in legumes {Leguminosae 
family). Moreover, they are at particularly high levels in certain legumes which are 
regularly consumed by man and animals [4]. Indeed, many traditional human diets 
such as those in India, Asia, Africa, South and Central America and the Mediterra- 
nean, which have relatively high legume consumption (soya, lentils, chick peas, 
beans, etc.) consequently have high isoflavone contents, particularly those with 
oestrogenic activity [4]. 

There is growing interest in the importance of dietary isoflavones to human 
health. Rather than being just passive dietary components, isoflavones and in partic- 
ular the oestrogenic isoflavones, have been hypothesised to have a range of beneficial 
physiological effects, largely related to their influence on sex hormone metabolism 
15-9]. 

Interest in isoflavones as dietary components with active physiological effects 
stems from the 1950s with the finding that infertility in sheep grazing on subterra- 
nean clover was a direct result of high isoflavone levels in the pasture [10,1 1]. The 
principal isoflavones found in subterranean clover (Trifolium) are genistein (4',5,7- 
trihydroxyisoflavone) and daidzein (4',7-dihydroxyisoflavone) which are present 
principally as glycoside conjugates (genistin, daidzin) or their respective 4 '-methyl 
ethers, biochanin A and formononetin [11-14]. Upon ingestion the isoflavones are 
subjected to acidic hydrolysis and enzymatic hydrolysis and demethylation (from 
both plant and gut flora enzymes) to yield free aglycones and further metabolites 
[12-14]. Genistein is metabolised to the non-oestrogenic compound, para- 
ethylphenol. while daidzein is metabolised to the oestrogenic compounds, equol 
(4",7-dihydroxyisoflavan) and 0-desmethylangolensin [l-(2',4'-dihydroxyphenyl)- 
2-(4'-hydroxy-phenyl)propan-l-oncl (O-Dma) [13,14]. The aglycones and their me- 
tabolites are absorbed and appear in blood and urine as glucuronide conjugates 
[12,13]. Those aglycones (genistein, daidzein) and metabolites (equol, O-Dma) with 
affinity for oestrogen receptors, then result in a range of pathophysiological effects 
in both ewes and wethers (including permanent infertility) as a result of the 
unresponsiveness of tissues such as the hypothalamus to endogenous oestrogen [15]. 

The metabolism of dietary isoflavones in humans is not as well understood as it 
is in sheep although the available evidence points to similar pathways in both spe- 
cies. Following ingestion of isoflavone-rich foods such as soya the isoflavones daid- 
zein and genistein and the daidzein metabolites equol, O-Dma, as well as two 
intermediate compounds between daidzein and O-Dma (Intermediate O) and daid- 
zein and equol (Intermediate E), have been described in human urine [16-20]. 

In view of the known in vivo potency of these isoflavones [15], the relatively high 
levels of these compounds in many traditional human diets suggests that a better 
understanding of isoflavonoid metabolism in humans is needed. 
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The purpose of the study reported here was to investigate both the scope and 
uniformity of the metabolic response in humans to dietary isoflavones. 

2. Materials and methods 

2.L Experimental procedures 
Participants 

The participants were 12 healthy Caucasian men and women aged between 25 and 
51 years of age, of normal height and weight. None of the participants was taking 
any medication including oral contraceptives; none had received antibiotic therapy 
within 6 months prior to the study. All participants were volunteers and provided 
informed consent. The study was approved by The University of Sydney Human 
Ethics Review Conmiittee. 

Diet 

All participants had a typical Western European omnivorous diet, which included 
little or no soya products and only moderate legume intake estimated at 5-10 g 
(garden peas, French beans) daily. During the study, participants maintained their 
normal diet and had no more than moderate alcohol intake. Each participant includ- 
ed 40 g of soya flour in the form of a prepared cake in their daily diet for 2 con- 
secutive days. The soya was a commercial brand of full-fat soya flour and the one 
batch of flour was used for all participants. The soya was analysed for isoflavone 
content as detailed later. 

Urine sampling 

Urine samples (24 h) were collected from each participant on four occasions. If 
the 2 consecutive days of soya challenge are designated as days 1 and 2, then the 
urine collections were on days 0, 3, 4 and 5. Sample sizes varied between 600 and 
1,850 ml. The collection was made into 5-1 polypropylene containers with no preser- 
vative added. The containers were kept cool and delivered to the laboratory on a 
daily basis. The volume of urine was recorded immediately and a 200-nil aliquot 
stored at -20°C until ready for analysis. The analysis of samples commenced within 
3 months of collection. 

2.2. Analytical methods 

Reference standards and compound identity 

Equol, daidzein and genistein were kindly supplied by Dr Lamberton, Division of 
Organic Chemistry/ CSIRO, Australia. Dihydrodaidzein was a gift from Professor 
T. Hase, Department of Chemistry and Professor H. Adlercreutz, Department of 
Clinical Chemistry, University of Helsinki, Finland. 0-Desmethylangolensin and 
enterolactone were identified here by comparison of GC and GC-MS data from 
those in the literature [19,22-241. 

Glycitein was extracted from soya and used as a reference standard after structural 
confirmation by NMR and GC-MS as follows. Isoflavones were extracted from soya 
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hypocotyl and hydrolysed by the method detailed later for the extraction and 
hydrolysis of daidzein and genistein from soya flour. GC and GC-MS showed that 
the extract consisted mainly of daidzein and glycitein and the glycitein was isolated 
by re-extraction with methanol followed by recrystallisation in aqueous (90%) meth- 
anol. The melting points and spectral analyses obtained were as follows: m.p. 290*^0 
(dec.); UV \„3, 256,319 (log e 4.35, 3.98); diacetate m.p. 208-210°C; 'H-NMR 5 
p.p.m. 8.02 (IH, s, H-2), 7.78 (IH, s, H.5), 7.62 (2H, d 7 = 8 Hz, H.2',6'), 7.18 (2H, 
dJ= 8 Hz, 3',5'), 3.95 (3H, s, OCH3), 2.37 (3H, s, OAc), 2.32 (3H, s, OAc). GC 
and GC-MS data were as follows. As the TMS ether derivative MU 30.37: 428 
(100%), m/z 192 (85%), m/z 184 (43%), m/z 398 (35%), m/z 413 (22%) and m/z 383 
(11%). As the diacetate derivative MU 30.20: M* 368 (13%). m/z 284 (100%), m/z 
326 (28%), m/z 166 (26%), m/z 123 (9%), m/z 255 (7%), m/z 151 (5%), m/z 241 (4%) 
and m/z 1 18 (4%). The NMR and mass spectral data of glycitein diacetate obtained 
here are in agreement with data reported previously [24]. 

Isolation of diphenols from human urine 

Enzyme hydrolysis and extraction, Aliquots of urine (40 ml) were adjusted to pH 
4.6 with 70% acetic acid and 30,000 counts/min [^HJoestradiol glucuronide (New 
England Nuclear) and 60 ng of oestriol added as internal standards. Enzymatic 
hydrolysis of the glucuronides was achieved using Helix pomatia juice (Calbiochem) 
in 0.1 M sodium acetate buffer, pH 5.0; 1000 Fishman units of beta-glucuronidase 
aryl sulphatase were added per nil of urine and incubated at 37''C for 24 h, after 
which time a fresh amount of enzyme was added and incubated for a further 24 h. 
Following extraction with diethyl ether (2 x vol) and evaporation of the organic 
phase under nitrogen, the dry residue was dissolved in 1 ml of ethanol and stored 
at 5°C prior to partition chromatography. 

Liquid-gel chromatography on Sephadex LH-20, The diphenol fraction, free of neu- 
tral steroids, was isolated by straight-phase partition chromatography on Sephadex 
LH-20. A siliconised Pasteur pipette (5 ml Coming) carrying a plug of glass wool 
at its narrow end served as a column, where the suspended slurry (1 g) was allowed 
to settle to 6.0 cm by gravity. A 250-;il aliquot of the 1 ml ethanol sample was 
evaporated, re-dissolved in 50 jA of chloroform/heptane/methanol (10:10:1, by vol.) 
and applied to the colunm. The majority of urinary steroids were eluted with 14 ml 
of chloroform/heptane/methanol as eluent; the oestriol/diphenol fraction then was 
eluted with 4 ml of methanol. The latter fraction was evaporated to dryness under 
nitrogen, dissolved in ethanol (600 ;il) and a 200-/il aliquot taken for derivatisation 
for GC and GC-MS analysis. GC-MS analysis confirmed that no major steroid con- 
taminants were present in the diphenol fraction and that further elution with metha- 
nol gave no other compounds of interest. 

Derivatisation 

Trimethylsilyl ether (TMS) derivatives were prepared by adding iV,0- 
bis(trimethylsilyl)trifluoroacetamide (BSTFA>pyridine (100 /il, 4:1, v/v) to the dry 
residues obtained by LH-20 chromatography and heating at 60'*C for 1 h. 

GC and GC-MS 

Preliminary identification of major diphenols was based on predetermined reten- 



C.K Kelly el al. /Clin. Chim. Acta 22 J I mj) V-22 ^ 

tion indices expressed as methylene units (MU) [251. They were obtained as the TMS 
ethers, on a Hewlett-Packard 57I0A gas chromatograph equipped for flame ioniza- 
tion and connected to a Shimadzu CR4A integrator for quantitation of areas and 
for computation of the MU values. Capillary GC was performed on a 30 m SE-30 
column using helium as carrier gas with a flow rate of 1 ml/min. Samples (I nl TMS 
ethers) were applied to the column via an all-glass solid injector modified for a 
syringe-type plunger. Analysis was performed using temperature programming from 
197'C to 270»C at l»C/min. The flash heater was set at 250»C and the detector tern- 
perature at SOO'C. QuantitaUon of the compounds was obtained by GC expressed 
relative to the amount of cholesterol butyrate (50 ng) co-injected with each derivatis- 
ed sample. 

GC-MS was performed on a Finmgan TSQ-70 mass spectrometer using electron 
lonisation mode. This was carried out with repetitive scanning over the mass range 
of 80-800 Da and under the following conditions: temperature of transfer line, 
280''C; ionization voltage, 70 eV; and ionization cunent, 1,200-1,800 ^lA Urinary 
diphenols were considered identified when GC retention parameters and mass spec- 
tra were identical to those of the reference standards. 

Control samples 

A urinary sample with no detectable levels of equol, daidzein and genistein was 
spiked with 60 ^g of each of these three standanls and used as a control sample in 
every batch of urine samples assayed. The combined mean recovery of Uie standards 
m the spiked samples following enzyme hydrolysis, extraction and purification on 
LH-20 was 87% (range 82-93%; « = 1 1) as obtained by GC; tiie three spiked com- 
pounds were the only compounds identified by GC. 

[^HJoestradiol glucuronide and oestriol were added to each sample at the beginn- 
ing of the analysis. After enzyme hydrolysis and extraction, the mean percentage 
recoveries determined by scintillation counting and GC were 80% and 83%, respec- 
tively, which was in agreement with the recoveries obtained from the controrsamples 
above. 

Quantitation of isoflavone levels in soya 

Soya flour (5 g) was refluxed in 80% etiianol (100 ml) for 2 h and filtered and 
evaporated to 5 ml. The extract was diluted to 20 ml with 0.1 M acetate buffer (pH 
5) and to this solution 1,400 Fishman units of )3-glucosidase (Sigma G^395) were 
added and incubated for 48 h at 37»C. The solution was extracted twice with 2x 
volume of diethyl ether and evaporated to dryness under nitrogen! Daidzein, genis- 
tein and glycitein levels in the soya flour were quantitated by GC and their identity 
confirmed by GC-MS. 

3. Results 

3.1. Isoflavone content of soya 



Isoflavone levels in the soya flour were calculated to be 98 mg (genistein) 80 
(daidzein) and 3 mg (glycitein) per 100 g. 
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Fig. 1. The urinary diphenol GC profile (TMS ethers) of baseline urine (day 0) of one subject and after 
(day 3) ingestion of soya flour in two subjects. Cholesterol butyrate (IS); C22H45 (C-22); C34H70 (C-34); 
O-desmethylangolensin (Dma); equol (Eq); enterolactone (Ent); daidzein (D); ocstriol (O3); genistein 
(Gen); glycitein (Gly); dehydro-O-desmcthylangoIensin (I); 6'-hydroxy-0-desmethylangolensin (2); un- 
known MU 26.12 (3); unknown MU 26.41 (4); dihydrodaidzein (kcto form) (5); tctrahydrodaidzein (6); 
dihydrodaidzein (enol form) (7); leirahydrodaidzein (8); dihydrogenisiein (9). 
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3.2. Diphenols in human urine 

Two examples of the urinary diphenol profiles obtained by GC following soya 
challenge are shown in Fig. I. Levels of diphenols identified in the urine of all 12 
volunteers obtained before and after ingestion of soya fiour are summarised in 
Tables 1 and 2. 

Daidzein (MU 28.60), genistein (MU 29.15), glycitein (MU 30.35), equol (MU 
25.45), 0-desmethylangolensin (MU 24.85) and enterolactone (MU 27.74), were 
identified in human urine by GC and GC-MS of the basis of MU values and mass 
spectral data [18-24]. 

Five additional diphenols were observed with isoflavonoid-like mass spectra. The 
first of these novel compounds, (MU 26.03), on the basis of mass spectral data of 
the TMS ether was characterised as (l-(2',4',6'-trihydroxyphenyl)-2-(4'- 
hydroxyphenyl-prop- 1 -one)) (6 ' -hydroxy-O-desmethylangolensin; 6 ' -OH-O-Dma) 
(M* 562, base peak (bp) m/z 369). Two other compounds were observed at MU 
27.45 (M* 488, bp m/z 298) and MU 25.92 (M+ 472, bp m/z 281) and were iden- 
tified by GC-MS as (4',5,7-trihydroxyisoflavonone) (dihydrogenistein) and (1- 
(2 ' ,4 ' ,6 ' -trihydroxyphenyl)-2-(4'' -hydroxyphenyl-prop-2-ene- 1 -one) (dehydro-0- 
desmethylangolensin), respectively. The remaining two novel compounds were 



Table I 

Urinary levels (jimoVday) of isoflavones, isoflavonoid metabolites and enterolactone in 12 subjects before 
and 3 days following a soya challenge 



Diphenol (MU value) 


Days in relation to soya challenge 






0 


3 


4 


5 


Isoflavones 










Daidzein (28.60) 


3.81 


14.71 


4.29 


2.08 




(1.8-6.6) 


(7.3-25.6) 


(0.1-14.9) 


(0.4-6.3) 


Genistein (29.15) 


1.15 


8.44 


1.48 


1.44 




(0.8-1.96) 


(2.7-19.6) 


(0.2-4.8) 


(0.1-4.8) 


Glycitein (30.35) 


0.84 


3.59 


0.35 


1.02 




(0.02-2.4) 


(0.6-6.4) 


(0.02-0.9) 


(0.1-3.5) 


Metabolites 










0-Dma (24.85) 


2.34 


13.32 


2.67 


1.35 






(2,3-44.4) 


(0.2-12.7) 


(0.3-3.3) 


Equol (25.45) 


0.21 


9.08 


5.82 


3.55 




(ND^.7) 


(0.04-61.1) 


(0.02-56.5) 


(0.02-34.7) 


6'OH-O.Dma (26.03) 


0.36 


7.98 


3.35 


1.28 




(ND.0.8)r.. 


(1.3-24.2) 


(0.3-7.4) 


ND-3.1) 


Dihydrodaidzein 


1.25 


12.99 


1.09 


1.05 


(26.65 + 27.11) 


(0.02-3.2) 


(0.5-39.1) 


(0.02-4.0) 


(0.02-2.7) 


Enterolactone (27.74) 


11.03 


9.29 


7.22 


11.82 




(0.9-35.3) 


(7.5-26.9) 


(1.9-22.6) 


(2.5-20.3) 



ND, not detected. 



16 



G.E. Kelly el aL/Clin, Chim. Acta 223 (1993) 9-22 



2 



CO 

a 



I 



•8 



1 
•c 



9 



-2 
"3 



§ - 

w O 

C? 
it 

0 a. 

1 i 

0 E 

1 J 

&z 
s i 



3 3 s. 



















o 












00 
























fN 






X 








CO 



OS o r* 
cs in CN 



o *^ o 



S 5 
in c«n 



m ri o 

vO OS 

Q ri Tf 



3 0 OS 

<n 



0\ o 
oo — O 

OS 00 



o 



W "»! 

ri ^ -f » IN Q Q 
2 - 2 Z 



«». ^ Q Q Q 

^ >0 O oo 7 7 7 



m *n ^ 



Q C O 

z z z 



— ^ 00 r- 



- Q Q 
«N r* 2 2 



r» 00 n <n 



Q Q 
S2 ^2 2 Z 



— O 00 VO 



Q Q Q 

z z z 



r* 00 

3 S Q Q o 

a £ s z z z 



*n 5 o ^ 
^ f*^ fQ od z z z 



Q Q Q 



o »n — 

2 5 ;f 5 Q Q Q 

CN ^ Z Z Z 



o ^ «n 

m *n <N Q 
O Tt '-^ 



a> ^ oo ■ 
« ^ 



m — \o . 

3 2; S S Q Q 

O f*^ "n o 



<n — 

— r Q Q *n 
o ^ n 2 2 



8 I -5 -5 I 



» "1 g J. 

«3 Q O O 



c S c g 

I «o ^ -2 9 

0 '3 2 S 6 



w 

1 1 ^ ; "2. 2 "2. 



s 2 z z = 



41 

2 
Si 



1 

■a 

I 

Q 
Z 



G.E. Kelly ei ai / Clin. Chim. Acta 223 (mj) 9-22 



17 



observed at MU 26.77 and MU 27.15; (M^- 474, bp m/z 280) displaying similar 
fragmentation patterns as exhibited by the two isomers of cisi trans (4'4,7- 
trihydroxyisoflavan) (tetrahydrodaidzein; MU 26.05 and 26.39) which were obtained 
from daidzein. The complete mass spectral data pertaining to the characterisation 
of these novel compounds will be presented elsewhere. 

GC and GC-MS also revealed the presence of two peaks at MU 26.65 and MU 
27. 1 1, which on derivatisation with BSTFA or BSTFA in pyridine and quantitation, 
appeared to be interconvertible and therefore related. Compound MU 26.65 was 
identified on the basis of mass spectral data (M* 400, bp 192) and by comparison 
with a reference compound as the keto form of dihydrodaidzein (intermediate O). 
Compound MU 27.11 was characterised as the enol form of dihydrodaidzein with 
a molecular ion at m/z 472 (also the bp), a difference of 72 Da, which accounts for 
the extra TMS ether. The urinary levels of dihydrodaidzein quoted in this study are 
the combined levels of these two tautomers. Two further compounds with 
isoflavone-like mass spectra were characterised at MU 26.12 and 26.41, respectively; 
no attempt was made in this study to identify these two compounds. 

A detailed account of data presented in Tables 1 — 3 follows: 

(a) Isoflavones: Daidzein, genistein and glycitein were detected in the urine of all 
12 subjects prior to the soya challenge; total urinary levels of these three isoflavones 
ranged between 3.3 and 8.2 /imol/day with daidzein being the predominant 
isoflavone in each case. Following the soya challenge, each subject showed elevated 
urinary levels of all three compounds, peaking on day 3 and returning in most cases 
to basal levels by day 4. 

(b) Isoflavonoid metabolites: The metabolites equol, 0-Dma and 6'-OH-0-Dma 
were detectable prior to soya challenge in the urines of 9, 10 and 10 of the 12 sub- 
jects, respectively. (The limit of detectability for equol by the GC procedure used in 
this study was established to be 0.02 ^niol.) Following the soya challenge, all three 
metabolites were found in the urine of each subject at elevated levels; the levels peak- 
ed on day 3 and then fell progressively over days 4 and 5. 

The minor metabolites identified here were detected only in urine collected on day 
3 of the study. The tetrahydrodaidzein isomers and dihydrogenistein were identified 



Table 3 

Comparison of the urinary excretion rates of isoflavones and isoflavonoid metabolites in individuals over 
the 72 h following 2 consecutive days of soya challenge. Individuals are grouped as either low-equol (less 
than 8 /imol in 72 h) or high-equol (over 25 /unol in 72 h) producers 





Mean (S.D.) excretion (jtmo\) 




Low-equo! producer (n = 8) 


High-equol producers (/i = 4) 


Equol 


1.53 (2.60) 


64.89 (59.23) 


O-Dma 


21.72 (17.93) 


6.97 (6.47) 


6'OH-O-Dma 


14.29(9.66) 


5.25 (4.78) 


Daidzein 


23.05 (12.43) 


14.95 (6.69) 


Genistein 


11.36 (7.81) 


10.88 (6.59) 
2:2 


Male/female 


4:4 
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in the urine of single subjects only (subjects nos. 12 and 3, respectively); dehydro-O- 
desmethylangoiensin was observed in the urine of four subjects (subjects nos. 1, 3, 
8 and 9). 

(c) Enterolactone: Enterolactone (MU 27.70, 442, bp m/z 180) was present in 
relatively high levels in the urine of all 12 volunteers both before and following the 
soya challenge; enterolactone levels were unaffected by the soya challenge, 

(d) Interrelationship of urinary diphenols: Individuals were grouped according to 
their equol excretion rates over the 3 days immediately following the soya challenge, 
and the relationships between equol and the other diphenols compared and 
statistically analysed by coefficient of linear regression. These data are summarised 
in Table 3. A higher rate of excretion of equol appeared to be associated with 
relatively lower levels of excretion of 0-Dma (r = -0.3) and 6'OH-O-Dma 
{r = -0.18). 

4. Discussion 

The data presented here confirm that soya is a rich source of the isofiavones genis- 
tein and daidzein and that these undergo varying degrees of intestinal metabolism 
in humans following ingestion, with both those isofiavones and their metabolites 
then being absorbed and excreted in the urine. 

In soyabeans, various processed soya products and most other legumes studied 
which are used as human foodstuffs, the principal isofiavones present are daidzein, 
genistein and glycitein, with low levels of pratensein and prunetin [4,23,26-30]. The 
isofiavones are present in the plant principally as the glycosides (daidzin, genistin, 
glycitin) with only approx. 1% present as free aglycones [27,28]. Formononetin and 
biochanin A which are common in some other legumes mainly used as animal 
foodstuffs [4], appear to be at low or negligible levels in soya [29]. The isofiavone 
content of soya varies greatly with soya plant variety as well as with the form of pro- 
cessing used to make the soya fiour [27]. In this study, the batch of soya fiour used 
had daidzein and genistein levels of 80 and 98 mg/100 g flour respectively which are 
at the higher end of the range of levels reported by others [30]. 

Current knowledge of isofiavone metabolism stems largely from sheep studies. 
Once ingested, free aglycone forms of genistein, daidzein, biochanin A and for- 
mononetin produced by acid or enzymatic hydrolysis of the conjugated isofiavones 
are available for absorption, appearing in blood and urine as glucuronide conjugates 
[12,13]; biochanin A and formononetin also may be demethylated by gut bacteria 
to genistein and daidzein, respectively [31]. Daidzein then is further reduced by gut 
flora to equol and various other metabolites including angolensin and O-Dma 
[13,14,31-33]; it has been calculated that about 70% of ingested formononetin in 
sheep is converted to equol [12], Genistein is reported to be metabolised largely 
within the gut by ring cleavage to the non-oestrogenic compound, para-cihyl phenol 
[13,32,33]. Glycitein metabolism has not been described in sheep or other animals. 

In humans, the isofiavones formononetin, daidzein and genistein, and the 
ijsoflavonoid metabolites equol, dihydrodaidzein, O-Dma and methylequol have 
been identified in urine [5,6,16,17,19,20,34]. Human faecal flora have been shown 
to be able to produce equol from soya-rich broth [5] and en2ymes capable of carry- 
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ing out the reduction and deoxygenation reactions in the conversion of daidzein to 
equol have been identified in human gut flora [33], so it is reasonable to suppose 
that the metabolism of dietary isoflavones in humans has some common ground with 
that in sheep. 

The relatively low levels of daidzein, genistein, equol and O-Dma found in this 
study to be present prior to soya challenge in the urine of all 12 subjects on a typical- 
ly Western omnivorous diet is consistent with the relatively low legume content of 
that diet. Others [5,6,19,20] similarly report generally low urinary isoflavone levels 
in non-vegetarian European and North American individuals. However, it is in- 
teresting to note that the baseline urinary isoflavone levels found in this study are 
somewhat higher than in other studies of Western communities [5,6,19,20]. To what 
extent this apparent difference is due either to methodological factors or to real 
dietary differences is unclear. None of the 12 test subjects reported knowingly eating 
any legumes (soya, chick peas, lentils) or legume products (tofu, soymilk, etc.) with 
relatively high isoflavone content for the week prior to the study, so the urinary 
isoflavones more than likely derived from leguminous vegetables such as peas, broad 
beans and peanuts which generally were consumed three to five times weekly in 
modest amounts by all of the subjects. However, the baseline urinary isoflavone lev- 
els in this study were still below those of Japanese maintaining a traditional Japanese 
diet or of vegetarian subjects in Western communities with signiflcant dietary soya 
intake on a regular basis [9,20], 

The baseline urinary enterolactone levels reported here also were comparatively 
higher than those reported in other Western surveys of omnivorous individuals 
[6,20] and may reflect a relatively high consumption of cereal grain in the form of 
wholemeal bread and breakfast cereals which was reported by most of the 12 sub- 
jects. The levels are well below those found in individuals in Finland and the USA 
with a high cereal grain intake such as in a macrobiotic diet [20], but well above 
Japanese levels where that country's typical diet is low in cereal grains [9]. 

The responses of the subjects in this study to a soya challenge produced two 
noteworthy results. The first was the broad range of metabolites appearing in the 
urine. A proportion of dietary genistein and daidzein appeared to escape complete 
metabolic degradation within the intestine, being absorbed as the aglycones which 
were largely cleared in the urine within 24 h of absorption. However, a proportion 
of genistein and daidzein underwent more complete intestinal fennentation to yield 
various intermediate products and end-products which also were readily absorbed 
and then largely cleared in the urine within 24 h. We have confirmed the presence 
of equol, dihydrodaidzein and 0-Dma as major metabolites of daidzein in humans, 
as well as describing for the first time four compounds which tentatively have been 
identified as minor daidzein metabolites, 6'OH-O-Dma, dehydro-O-Dma and two 
isomers of tetrahydrodaidzein. The inter-relationships of the various daidzein me- 
tabolites cannot be commented on here, but the range of metabolites observed in this 
study suggests that there may be a number of alternative metabolic pathways; the 
results of this study also hint at the possibility of an inverse relationship between 
equol production and that of 0-Dma which is in support of alternative metabolic 
pathways. The metabolic processes in humans associated with genistein are less clear 
than those with daidzein. para-EihylphenoU the principal genistein metabolite in 
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sheep, has not been reported in human urine. We are, however, able to identify for 
the first time the metabolite, dihydrogenistein. Glycitein metabolism has not been 
described in humans and other animals; in this study, much of the glycitein content 
of the soya challenge was recovered in the urine as the aglycone, suggesting little if 
any further metabolism of this particular isoflavone. 

The second noteworthy result is the high variability of the metabolic response to 
isoflavones. In previous studies, others have noted the large variation in urinary 
equol excretion in response to soya [5,9], an effect confirmed here. In this study, all 
12 test subjects showed substantial rises in urinary levels of the three isoflavones 
(daidzein, genistein, glycitein) following the soya challenge, indicating uniform com- 
pliance with the test, as well as absorptive ability of all individuals for isoflavones. 
Moreover, all 12 subjects showed at least moderate rises in urinary levels of the 
isoflavonoid metabolites, O-Dma and 6'0H-0-E)ma, indicating the ability in all 12 
subjects to metabolise dietary isoflavones. However, the results of this study suggest 
that while all 12 individuals had the capacity to metabolise dietary isoflavones, there 
were differences in the particular metabolic pathways used. The reasons for this 
variability are unclear; this study suggests that gender is an unrelated factor, 
although genetic factors may be important [9]. In sheep, the overall efficiency of me- 
tabolism of dietary isoflavones is influenced by the type of diet fed, although the re- 
lative proportions of the different metabolites appears to remain unaltered [31]. This 
factor has been ascribed to different rates of passage of the different diets through 
the rumen which is the principal site of detoxification in the sheep [12], Setchell et 
al. [5] have cited factors such as the composition of the intestinal microflora, the in- 
testinal transit time and variability in the redox level of the large intestine as possible 
causes of the variable rates of equol production in humans. Diet is known to influ- 
ence the level of activity of intestinal bacterial enzymes in humans, including 0- 
glucosidase which is required for hydrolysis of the dietary isoflavones [35]. However, 
a number of the subjects in this study have been tested repeatedly by the authors over 
several years and have demonstrated consistent patterns of urinary excretion of the 
various isoflavonoid metabolites (unpublished), suggesting that the factor responsi- 
ble for the individual variability may be inherent and less likely to be due to in- 
discriminant dietary factors. 

A number of studies have inferred that dietary isoflavones play an important 
physiological role in human health [5-9]. Isoflavones exhibit an affinity for 
oestrogen receptor sites and may therefore be considered to function as anti- 
oestrogens through competitive inhibition [2,36,37]. The complexing of the 
isoflavone with the cytosol oestrogen receptor is thought to inhibit the biosynthetic 
process associated with the receptor as well as inhibiting the replacement of the 
receptor leading to a diminished concentration of the cytosol receptors. Genistein, 
daidzein and equol have relatively strong affinities for oestrogen receptors, with O- 
Dma showing much weaker binding affinity and glycitein appearing to be non- 
oestrogenic [2,24,36,37]. Notwithstanding the weaker affinity of the isoflavones and 
their metabolites for oestrogen receptors relative to oestradiol [2,36,37], the finding 
that all individuals in this study challenged with soya showed urinary isoflavonoid 
metabolite levels greatly in excess of the classical oestrogens [38], points to a poten- 
tially significant in vivo effect in those individuals on endogenous oestrogen metabo- 
lism and function. 
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